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THE USE OF BASAL RESPIRATORY MINUTE VOLUME AS AN 
INDEX OF IMPAIRED PULMONARY FUNCTION! 


ROBERT ALEXANDER 
(Received for publication January 11, 1952 


INTRODUCTION 


The functional requirements of the body demand that its various physiologic 
mechanisms be capable of maintaining an efficient basal activity and also have 
a large functional reserve available to be called forth under conditions of stress. 
In general, disease processes act to impair the efficiency of the basal function as 
well as to restrict the maximal functional capacity. Because of the difficulties of 
correctly standardizing functional tests under stress, physiologic impairment is 
frequently evaluated in terms of a disturbance in the efficiency of the basal 
function. 

In the specific instance of pulmonary ventilation, an evaluation of basal func- 
tion is complicated by the fact that respiration is exceedingly susceptible to 
psychic influences. Not only do individual breathing patterns exhibit striking 
variations (1), but the actual minute volume of ventilation of a subject may be 
markedly elevated by recall of situations with emotional content (2, 3). Recog- 
nition of the difficulties of excluding psychic factors has prompted the search for 
other tests of respiratory function. Many writers still make use of the basal 
ventilation rate, however, without either defending or questioning its validity. 
It therefore seemed of value to compare data obtained from normal persons with 
those suffering from known pulmonary disease to ascertain whether there was 
any justification in employing the basal respiratory minute volume as an index 


to the impairment of pulmonary function. 


MATERIAL 


Data for basal respiration of normal subjects were obtained from routine basal 
metabolism recordings. From a group of 85 healthy medical students without 
any history of pulmonary disease who were taking basal metabolism tests as part 
of their physiology course, 61 recordings were selected in which the respiratory 
pattern was sufficiently uniform throughout the recording period so that the 

! From the Medical Research Laboratory, Brecksville Veterans Administration Hospital, 
Brecksville, Ohio, and the Department of Physiology, School of Medicine, Western Reserve 
University, Cleveland, Ohio 
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basal minute volume could be fairly accurately estimated from the average tidal 
volume and the respiratory rate. An additional 39 cases were selected in the same 
manner from routine basal metabolism tests on hospital patients? who had no 
history of pulmonary or cardiac disease and whose basal metabolic rates were 
found to be within 5 per cent of average normal. 

The two groups were compared with a series of 100 afebrile patients with pul- 
monary tuberculosis. These patients had been referred to the laboratory to 
evaluate their suitability for collapse procedures and, therefore, in the majority 
of instances were suffering from far advanced pulmonary tuberculosis. The basal 
ventilation in these patients was recorded in the same manner as in the usual 
basal metabolism test except that it did not appear relevant to this study to have 
the patients strictly postabsorptive. The spirometer employed was equipped 
with a ventilometer (4) so that minor irregularities in tidal volume were of no 
significance in calculating the respiratory minute volume. No record was con- 
sidered, however, in which the minute volume did not remain constant for at 
least four minutes. 

RESULTS 

To correct for the different basal requirements of the individual subjects, the 
data were expressed in terms of a ventilation equivalent: the amount of ventila- 
tion required per liter of oxygen consumed. The mean ventilation equivalent for 
the 100 normal persons was thereby found to be 32.1 + 10.4 liters while that of 
the 100 patients with pulmonary tuberculosis was 32.4 + 9.1 liters. Obviously 
there is no significant difference in the values obtained from these two popula- 
tions, as may be visualized by the distribution of the data shown in figure 1. 

It should be recognized that many of the tuberculous patients had lesions 
which did not involve a dominant portion of the pulmonary parenchyma. Espe- 
cially in the case of apical disease, fairly extensive infiltration and cavitation may 
be present without significantly disturbing the function of the lower portions of 
the lung which appear to make the major contribution to basal respiration. On 
one occasion, therefore, the hospital population was surveyed and 5 patients 
were selected who exhibited the most obvious indications of pulmonary insuf- 
ficiency. 

These were patients with terminal illnesses with massive bilateral disease, all 
of whom exhibited some respiratory distress and cyanosis. Four of these patients 
died of terminal pulmonary tuberculosis within one month; the fifth died approxi- 


mately three months later. Ventilation equivalents of these patients ranged from 
38.9 to 47.5 liters, with a mean of 42.8 liters. 

On the basis of a normal distribution curve (without considering some tenden- 
cies for skewness which are suggested in figure 1), approximately one-sixth of the 
normal population would be expected to have a value as high or higher than the 
lowest value observed in these terminal patients; the highest value recorded in 
this terminal group would still be equaled or exceeded by one-twelfth of the nor- 


? We are indebted to Dr. J. M. Hayman of the Department of Medicine, Western Reserve 


University, who kindly made these records available 
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mal population. There is little doubt that, with sufficient accumulation of data, 
there could be demonstrated a significant elevation of the mean ventilation 
equivalent in populations with frank pulmonary insufficiency as compared with 
the normal population. The important point to be considered here, however, is 
that when considered as isolated cases not one of these patients with terminal 
pulmonary tuberculosis could be reliably distinguished from the normal popula- 
tion on the basis of the efficiency of their basal respiration. 

Inspection of the original data indicated a rough correlation between ventila- 
tion equivalents and respiratory rate. It therefore appeared possible that part of 
the extreme normal variation might be related to excessive dead space ventilation 
in the persons exhibiting the more rapid respiratory rates. Failure to correct for 
this dead space ventilation would obviously give a distorted impression of the 
efficiency of pulmonary gas exchange. 


35 40 45 50 55 OS 
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Fic. 1. Distribution curves for ventilation equivalents in 100 normal subjects (solid 
line) compared with 100 patients with pulmonary tuberculosis (broken line). 


Preliminary attempts were therefore made to correct the data for dead space 
ventilation, using various criteria for dead space that have been proposed (5). 
When a plot of all the normal data was made as in figure 2, however, the futility 
of such a calculation at once became apparent. It will be observed that in normal 
subjects a doubling of the respiratory rate results in an approximate doubling of 
ventilation per liter of oxygen absorbed. As an alternative to the untenable infer- 
ence that virtually 100 per cent of the excess ventilation was dead space, it must 
be concluded that the normal persons who had the high ventilation equivalents 
were exhibiting true physiologic hyperventilation, presumably associated with 
the psychic stimulus of the testing procedure. In two instances where a marked 
hyperventilation was observed, the subjects were kept connected with the spirom- 
eter for extended periods to determine whether the hyperventilation would not 
eventually subside. Both recordings had to be eventually terminated when the 
subjects exhibited mild convulsions due to acute respiratory alkalosis. Evidence 
that a significant acapnea develops with psychogenic hyperventilation has been 
presented by others (6). 

A majority of the determinations reported here involved initial tests. The re- 
corded basal minute volumes may have been distorted by the factor of appre- 
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hension to a strange procedure, in spite of the fact that a good portion of the 
normal ‘‘hyperventilators” were in the medical student group in whom such 
apprehension should be minimal. Retesting of a number of patients, however, has 
failed to demonstrate that a retesting procedure will eliminate more than a 
minority of the hyperventilators. One patient was retested on four different occa- 
sions but consistently exhibited basal minute volumes of more than 13 liters per 
minute with ventilation equivalents between 40 and 50 liters; yet an intensive 
series of other laboratory tests failed to reveal any physiologic basis for this 
abnormal respiratory behavior. The explanation for these high values was ob- 
tained by carefully observing the patient during the testing procedure. A definite 
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Fic. 2. Relationship between respiratory rate and ventilation equivalent in normal 


subjects; points show mean respiratory rates for each class of ventilation equivalents as 


shown in figure ! 


hyperpnea was elicited the moment when the patient was presented with a face 
mask or mouthpiece before he was connected with the spirometer. Repeated tests 


did not allay this reaction 
DISCUSSION 


The data obtained in this study re-emphasize the susceptibility of the respira- 
tory system to psychogenic influences and indicate the impossibility of uni- 
formly obtaining psychologically basal conditions in performing routine deter- 
minations of basal pulmonary ventilation. It is conceivable that, by taking more 
elaborate precautions with their subjects, others might be able to achieve a closer 
approximation to basal conditions than existed in the present study. It must be 
emphasized, however, that until others have proved such an ability to achieve 
truly basal respiration in their subjects, they have little justification to use 
measurements of basal respiratory minute volume as a valid index to pulmonary 


function 
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The implications of this study apply, not only to basal respiratory minute 
volume per se, but also to any other estimation of pulmonary function which 
depends, in part, upon the basal respiration. These would include ventilation 
equivalents, as discussed above, and also the basal breathing reserve as calculated 
from the basal ventilation and the maximum breathing capacity. In addition, 
many methods for alveolar air analysis and for residual air volume determination 
involve the implicit assumption that respiration immediately prior to or during 
the testing procedure was proceeding at a true basal level. In determinations of 
this type, statistical validity obtained by studying mean trends in a large series 
of cases should never be used as a basis for the fallacious assumption that such 
validity may be transferred to the problem of evaluating individual patients. 

It is nevertheless becoming progressively more important that adequate pul- 
monary testing procedures be available to be applied to the individual case to 
serve as a guide to diagnosis and therapy. The data presented here underscore 
the challenge to develop more adequate testing procedures for this type of appli- 
cation. It is possible that such tests as those involving a study of “walking 
ventilation” (7) may involve relatively less psychic distortion of actual func- 
tional capacities, although definite evidence to establish such an assumption is 
needed. 

SUMMARY 


Basal respiratory minute volumes were determined upon 100 persons without 
evidence of pulmonary or cardiac disease and upon 100 patients with pulmonary 
tuberculosis. There was no statistically significant difference between the respira- 
tion of the normal population and of the diseased population when analyzed on 
the basis of the liters of basal ventilation for each liter of oxygen consumption. 
Five patients with terminal pulmonary tuberculosis and obvious signs of pul- 
monary insufficiency exhibited ventilations that were within the upper range of 
normal variability. It is assumed that psychogenic factors played a large role 
in accounting for the wide variation observed in the normal population. On the 
basis of this evidence, it is concluded that the determination of the basal respira- 
tory minute volume or any other pulmonary function test that depends upon 
basal respiration cannot be used validly in the routine estimation of the functional 
status of individual patients. 


SUMARIO 


Empleo del Volumen-M inuto-Respiratorio-Basal como Indice de la Disfuncién Pulmonar 

FE] volumen de la respiracién basal por minuto fué determinado en 100 personas sin signos 
de afeccién pulmonar o cardiaca y en 100 tuberculosos pulmonares. Analizada a base de los 
litros de ventilacién basal por litro de consumo de oxigeno, no hubo diferencia de importan 
cia estadistica entre la respiracién de la poblacién normal y la poblacién enferma. Cinco 
enfermos con tuberculosis pulmonar terminal y signos manifiestos de insuficiencia pul- 
monar revelaron ventilaciones que quedaban en los limites superiores de la variabilidad 
normal. Se da por sentado que los factores psicégenos desempefiaron un gran papel en la 
amplia variacién observada en la poblacién normal. A base de estos datos, dedicese que no 
cabe usar, en forma valida, ni la determinacién del volumen-minuto-respiratorio-basal ni 
ninguna otra prueba de la funcién pulmonar que utilice la respiracién basal, para la va- 


loracién sistemAtica del estado funcional de un sujeto dado 


ROBERT 8. ALEXANDER 


RESUME 


Le volume respiratoire basal par minute, comme indice de l’altération de la fonction pulmonaire 

Les volumes respiratoires de base par minute furent déterminés chez 100 sujets indemnes 
de signes d’affections pulmonaires ou cardiaques, et chez 100 malades atteints de tuberculose 
pulmonaire. Du point de vue statistique, il n’existait pas de différence significative entre la 
respiration dans la population normale et dans le groupe des individus malades, quand cette 
fonction a été etudieé sur la base du volume de la ventilation de base par rapport 4 celui de 
la consommation d’oxygéne. Chez cing malades, au stade terminal de la tuberculose pul- 
monaire et présentant des signes évidents d’insuffisance pulmonaire, la ventilation demeu- 
rait au niveau supérieur des variations normales. L’auteur considére que les facteurs psycho- 
génes ont joué un role important dans les variations considérables observées dans la 


population normale. D’aprés ces observations, la conclusion de cette étude est que la 


détermination du volume respiratoire basal par minute, ou toute autre épreuve de la 
fonction pulmonaire reposant sur la respiration basale, ne peut é@tre utilisée de facgon 
valable pour |’évaluation routiniére de |’état fonctionnel particulier de chaque malade. 
REFERENCES 
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THE EFFECT OF PYRAZINAMIDE (ALDINAMIDE') ON EXPERIMENTAL 
TUBERCULOSIS IN MICE’ 


LUKE MALONE, ALLAN SCHURR, HOWARD LINDH, DORIS McKENZIE, 
J. S. KISER, ano J. H. WILLIAMS 


(Received for publication February 18, 1952) 


INTRODUCTION 


The effect of nicotinamide on experimental tuberculosis of white mice was 
reported by McKenzie and her associates (1). In a continuation of these studies, 
pyrazinamide (Aldinamide) was prepared by Kushner and co-workers (2). This 
compound has been tested over a period of nearly three years to evaluate its 
activity against experimental tuberculosis in mice. During this time the test 
described by McKenzie and associates has undergone a number of modifica- 
tions intended to increase the objectivity of evaluation and to decrease the labor 
involved in the test, without sacrificing sensitivity. The original test, based on 
that described by Youmans and McCarter (3), used gross appearance of the 
excised lung and the amount of disease present as indices of activity of ther- 
apeutic substances. As these criteria necessarily involved somewhat subjective 
evaluations, the infection was made more acute by increasing the infecting dose 
slightly and by using as indices of activity the survival time of 50 per cent of 
the mice (T,.) as compared with 50 per cent of nontreated controls, together 


with the weight of the mice. Recently, time—per cent effect curves (4) have 
been employed to evaluate the data statistically, thereby further increasing the 
objectivity of the test. 


EXPERIMENTAL METHODS 


Male albino mice, CF, strain, weighing 20 plus or minus 3 gm. were used in the tests. 
The mice were each weighed and placed in separate cages. Ten mice were used for each 
group, and the individual groups had approximately the same weight. The mice were then 
infected intravenously with 0.3 mg. wet weight of Mycobacterium tuberculosis var. hominis 
H37Rv, suspended in 0.2 ml. of phosphate-buffered saline. Included in each experiment were 
an infected, nontreated control group and a noninfected, nontreated control group, as well 
as an infected group treated with 0.5 mg. of streptomycin per day injected subcutaneously 
in a volume of 0.1 ml. of phosphate-buffered saline 

The infected mice were treated with pyrazinamide (Aldinamide), starting on the day of 
infection. Either the oral or the subcutaneous route of administration was used. For oral 
treatment the drug was mixed with the diet of ground Rockland mouse pellets. For sub- 
cutaneous administration the drug was dissolved in phosphate-buffered saline, in which it 
is soluble to the extent of approximately 12 mg. per ml. 

Five milligrams of pyrazinamide (Aldinamide) suspended in 0.2 ml. of phosphate- 
buffered saline and injected subcutaneously in the mice were rapidly absorbed with no evi- 


! Proprietary name, American Cyanamid Company. 
? From the Lederle Laboratories Division, American Cyanamid Company, Pearl River, 
New York 
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dence of toxicity. A diet containing 2 per cent of the drug was consumed at a rate to give a 
drug intake of 80 mg. per mouse per day or 4 gm. per kg. per day, withnoevidenceof toxicity. 

The course of the infection was followed by daily observations of the vitality of the 
mouse, food intake, and excretions. The mice were weighed at weekly intervals. In the 
earliest tests, gross and microscopic observations of the lungs served as criteria of activity. 
Later the Tso of the treated group compared with that of the infected, nontreated controls 
was the principal method of evaluating the activity. The Ts. was the time in days required 
for 50 per cent of the mice in a group to die. When 50 per cent of the infected, nontreated 
mice had died, treatment was stopped in the treated groups and the mice were held until a 
Tso was reached. The remaining mice were usually sacrificed. At least half of the mice in 
each group were autopsied. When the Tso of the infected nontreated controls was sixteen 
to eighteen days, a prolongation of survival time of three days was considered significant. 


TABLE 1 
Mep1an Scrvivat Time OF NONTREATED AND PYRAZINAMIDE-TREATED Groups 


NONTREATED PYRAZINAMIDE 0.1 per PER CENT IN FEED 


ETw, days Confidence Limits ETw, days Cc 


EXPERIMENT 
95 Per Cent 
onfidence Limits 
3.9 
9 


1273B-119 
1407B-23 
1407B-143 
1469B-29 
1469B-55 
1469B-71 

1469B-95 
1469B-125 
1469B-147 
1469B-167 
1508B-1 

1508 B-29 
1508B-47 
1508 B -67 


© to 
— 


aco 


BERN 


3.3 
3.3 
2 
6 
6 
4 
9.3 
3.1 


to 


Mean 96 


* Omitted from calculation of mean. 


The Litchfield method of graphic analysis of time—per cent effect curves and comparisons of 
weight data are now used criteria of activity. 

In brief, the Litchfield method involves the determination of the median survival time 
(ETso) of control and treated groups by plotting per cent mortality against time, using 
logarithmic-probability scale paper. The reaction ratio (RR) of the pair of groups is de- 
termined by dividing the ET,» of the treated by that of the control group. The slope ratio 
(SR) is determined by lividing the slope of the time-mortality line for the treated group by 
that for the control group. Next fxg and fs, values are obtained from a nomograph. The 
value of fx, should exceed the SR if the lines are statistically parallel. The value of RR 
should exceed that of fg, if the prolongation of survival time of the treated group is sig 
nificantly greater than that of the control group. 


RESULTS 


Early experiments established that a level of 0.2 per cent of pyrazinamide 
(Aldinamide) in the diet exerted antituberculous activity, while 2.5 mg. twice 
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CONTROL PYRAZINAMIDE 


ET/SO 16.96 19.69 
s 1.10? 1.134 


88s8838 8 
PER CENT MORTALITY 


10 


10 20 30 40 
TIME IN DAYS 


Fic. 1. Average values for control and pyrazinamide-treated mice. Pyrazinamide given 
in drug diet at 0.1 per cent. 


TABLE 2 
STATISTICAL ANALYSIS OF NONTREATED AND PYRAZINAMIDE-TREATED GROUPS 


9S PER CENT 9S PER CENT 
STANDARD CONFIDENCE CONFIDENCE 
DEVIATION LIMITS FOR A LIMITS FOR 
SINGLE ITEM 


MEAN 


Nontreated 
ET s0 
Slope 
Pyrazinamide (0.1 per cent in feed) 
ET 
Slope 


PAS 0.2% PAS 0.5% 


E1/S0 21.2 $R 1.058 ET/S023.2 SR1035 
1.046 FSR1.060 1.066 FSR1.064 
RR 1.25 RR 1.37 

FRR 1.075 FRR 1.081 


PAS 0.75% PAS 1.0% 


ET/SO 26.8 $R 1.048 ET/50 29 SR 1.025 
S 1.055 FSR1I053 1.08 FSR 1.068 
RR 1.52 RR 1.71 
FRR 1.077 FRR 1.085 
PYRAZINAMIDE 0.15% CONTROL 
ET/sO 38 SR1.05 ET/SO 16.96 
S 1.1464 6S 1.107 
RR 2.24 
FRR 1.131 


10 20 «630 40 50 
TIME IN DAYS 


Fic. 2. Comparison of para-aminosalicylic acid (PAS) and pyrazinamide in drug diet. 
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SR 1.02 
FSR 1.086 
RR 1.16 
FRR 1.107 
| 
= 
16.96 +1.033 +2.231 +0.596 
1.107 +0.049 +0.106 +0.028 
19.69 +1.325 | +2.888 +0. 802 
1.134 +0.044 +0.095 +0.026 
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daily showed minimal activity, based on gross and microscopic examination of 
the lungs and the T,, of treated and control groups. 

In table 1 may be seen the ET,. and 95 per cent confidence limits for the in- 
fected nontreated control group and a group treated with 0.1 per cent pyra- 
zinamide in the feed for each of fourteen consecutive experiments. It also gives 


DOSAGE 2.Smg PER DAY 


ET/SO 21.8 se 1.01 
Ss 1.120 FSR 1.078 
RR 1.29 

FRR 1.10 


CONTROL 


ET/SO 16.96 
Ss 1.107 


20 30 40 
TIME in DAYS 


Fig. 3. Effect of pyrazinamide administered subcutaneously. 


DOSAGE 5.0mp PER DAY DOSAGE PER Day 


ET/SO 21.9 SR 1.058 ET/S5O 24.6 SR 1.03 
S$ 1.05 FSR1.061 $1.075 FSR1.071 
RR 1.29 RR 1.45 

FRR 1.076 FRA 1.086 


DOSAGE 10.0m¢ PER Day CONTROL 

26 SR 1.042 ET/SO 16.96 

$ 1.153 FSA 1.093 1.107 
AR 1.65 


FRA 1.117 } Wi 


8 


PER CENT MORTALITY 


nr 


10 20 640 
TIME IN DAYS 


Fig. 4. Effect of para-aminosalicylic acid (PAS) administered subcutaneously. 


the average values for control and treated groups. Figure 1 shows the time—per 
cent effect lines plotted from these average values, and it is evident from the fact 
that the RR exceeds the fgr that 0.1 per cent pyrazinamide in the feed gave a 
significant prolongation of survival time. A statistical analysis of these results is 
presented in table 2. A comparison of pyrazinamide, 0.15 per cent in the diet, 
with p-aminosalicylic acid (PAS) at 0.2, 0.5, 0.75, and 1.0 per cent in the diet 
is shown in figure 2. The prolongation of survival time with 0.2 per cent of PAS 
in the diet is approximately the same as that for 0.1 per cent of pyrazinamide, 
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but the effect of 0.15 per cent of pyrazinamide is greater than that of 1 per cent 
of PAS. In figure 3 a group of infected mice treated with one subcutaneous dose 
of 2.5 mg. of pyrazinamide per day is compared with the average line for the 
nontreated control groups. The prolongation of survival time is significant. 

The effects of subcutaneous injections of PAS and streptomycin are shown in 
figures 4 and 5. One subcutaneous injection per day of 5 mg. of PAS was required 
to equal 2.5 mg. of pyrazinamide per day subcutaneously. Doses of 7.5 and 10 
mg. per day gave increased prolongation of survival time. Streptomycin, on 
the other hand, gave slightly better protection at a dose of 0.5 mg. subcutane- 
ously once daily than did 2.5 mg. of pyrazinamide. One milligram of strepto- 
mycin per day gave markedly better results than 2.5 mg. of pyrazinamide per 
day. 


OOSAGE PER DAY 


23 1.008 
S 1.186 FSR 1.106 
Re 1.36 

FRR 1.133 


OOSAGE 1.0 mg PER DAY 


2? SR 1.109 
FSR 1.125 
Rr 1.59 

FRR 1.156 


CONTROL 


ET/SO 16.96 
1.107 


PER CENT MORTALITY 


TIME IN DAYS 
Fic. 5. Effect of streptomycin administered subcutaneously. 


DISCUSSION 


From the above results it would seem that the antituberculous activity of 
pyrazinamide (Aldinamide) in mice lies between that of streptomycin and that 
of PAS. Similar results have been observed in guinea pigs (5). In mice, a diet 
containing 0.1 per cent of pyrazinamide gave a prolongation of survival time 
roughly equivalent to that of 0.2 per cent of PAS, while 0.15 per cent of pyrazin- 
amide in the diet gave results superior to those given by 1.0 per cent of PAS. 
When administered subcutaneously, a dose of 2.5 mg. of pyrazinamide per mouse 
per day was required to equal 0.5 mg. of streptomycin per day, but the pyrazin- 
amide dosage was approximately equivalent to 5 mg. of PAS per mouse per day. 

It might be helpful in further evaluating pyrazinamide to compare briefly 
the results obtained with PAS and streptomycin in the present studies with 
those from other laboratories. In table 3 is given the median survival time, in 
days, of mice given various dosages of PAS or streptomycin in each of four 
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laboratories. The tests of Baker, Schlosser, and White (6), Rake and associates 
(7), Youmans and Youmans (8), and that employed in the laboratory of the 
present writers are fundamentally similar in that they employ intravenously 
infected mice. The results differ in that a different strain of mice is employed in 
each laboratory. The first two groups mentioned use a bovine strain of tubercle 


TABLE 3 
Errect oF Para-AMINOsALIcyLic Acip (PAS) anp 
in Various Mouse Tests 


CHEMOTHERAPEUTI 


MEDIAN SURVIVAL TIME, DAYS 


Rake Malone | Youmans 
etal. (7 eal 


4-Aminosalicylic acid 


Median survival time of non- 
treated mice 


0.0091 
0.025 
0.026 
0.034 
0.039 
0.05 
0.067 
0.1 


Streptomycin 


Median survival time of non- 
treated mice 


bacillus, while Youmans and the present writers use the human H37Rv strain 
of tubercle bacillus; a different method of preparing inoculum is employed in 
each laboratory. It is not surprising, therefore, that considerable differences 
exist in the results obtained in different laboratories. In general, it appears that 
the test described by Baker, Schlosser, and White is the most severe and shows 
the least response to either drug. The test described by Rake and co-workers 
gave results surprisingly similar to those obtained in this laboratory when PAS 


DOSAGE 
DRUG 
270 1.76 15.0 
400 2.64 21.2 | 
2.77 22.9 
530 3.46 25.0 
| 550 3.59 15.0 
1,000 6.54 25.7 23.2 29.5 
1,200 7.84 17.0 
1,500 9.80 26.8 
10.08 26.8 
12.77 28.1 
1,900 12.4 44.0 
2,000 13.07 29.0 
2,800 18.28 21.0 
14.0 19.86 16.96 13.5 
26.8 
| 18.75 21.0 
| 30.2 
25.0 15.0 23.0 
32.5 
37.5 45.0 
50.0 23.0 27.0 
5 75.0 60.0 
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was the therapeutic agent employed, but the test of Rake and his associates 
showed greater sensitivity to streptomycin. With Youmans’ test, a greater 
response to both drugs was shown than was true with any of the other three 


tests. 


SUMMARY 


A new therapeutic compound, pyrazinamide (Aldinamide) has been employed 
in a test for chemotherapeutic activity against tuberculosis in intravenously 
infected mice. A concentration of 0.1 per cent in the diet or 2.5 mg. per mouse 
per day administered subcutaneously produced a significant prolongation of 
survival time when measured by the time—per cent effect method of Litchfield. 

A comparison has been made of the results obtained in this laboratory with 
PAS and streptomycin in mice with the results obtained in other laboratories 
with the same drugs in order to give a better basis for judgment of the tuberculo- 
static activity of pyrazinamide. 


SUMARIO 


El Efecto de la Aldinamida sobre la Tuberculosis Experimental en el Raton 

Un nuevo compuesto terapéutico, la pirazinamida (Aldinamida) ha sido empleado en 
un ensayo de su actividad quimioterapéutica contra la tuberculosis en ratones infectados 
endovenosamente. Una concentracién de 0.1 por ciento en el alimento o de 2.5 mg. diarios 
por ratén administrada subcutd4neamente fué seguida de una prolongacién significativa del 
tiempo de sobrevivencia, medido por la técnica de efecto-tiempo-por ciento de Litchfield. 

A fin de facilitar mejor base para juzgar la actividad tuberculostatica de la Aldinamida, 
compd4ranse los resultados obtenidos con el PAS y la estreptomicina en el laboratorio de los 
AA. y en otros laboratorios 


RESUME 
L’action de l’ Aldinamide sur la tuberculose expérimentale de la souris 

Un nouveau composé thérapeutique, la pyrazinamide (Aldinamide), a été employé au 
cours d’épreuves destinées a déterminer sou activité chimiothérapeutique contre la tubercu- 
lose de la souris, inoculée par voie intraveineuse. Le temps de survie, compté en temps- 
pour cent par la méthode de Litchfield, est prolongé de fagon significative par l’administra- 
tion sous-cutanée de 2,5 mg. par souris, par jour, ou par l’adjonction d’une concentration 
de 0,1% A la ration alimentaire 

Les résultats obtenus dans ce laboratoire avec le PAS et la streptomycine sont comparés 
avec les résultats fournis par les autres laboratoires pour ces mémes produits, de maniére a 
obtenir une base meilleure pour |’évaluation de l’activité tuberculostatique de |’ Aldinamide 
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PYRAZINAMIDE (ALDINAMIDE') IN EXPERIMENTAL TUBERCULOSIS 
OF THE GUINEA PIG’ 


FREDERICK I. DESSAU, ROBERT L. YEAGER, FREDERICK J. BURGER, 
anp JAMES H. WILLIAMS 


(Received for publication February 18, 1952) 


INTRODUCTION 


Since pyrazinamide (Aldinamide) has been made available for biologic testing 
(1, 2), the compound has been given to approximately 900 guinea pigs infected 
with human strains of M. tuberculosis in the routine test for antituberculous 
activity used in this laboratory. The drug has also been given in the routine test 
to approximately 170 guinea pigs infected with bovine strains of M. tuberculosis 
and to approximately the same number of guinea pigs infected with human 
strains of M. tuberculosis for survival tests. 


METHODS OF TESTING 


The method of testing (3) is based on evaluation of the extent of the disease on post- 
mortem examination. The estimated extent of disease in drug-treated animals is compared 
with that of a group of untreated controls and with that of a group treated with 4,4’-di- 
aminodiphenylsulfone in the diet as a standard of reference. The disease is induced by intra- 
peritoneal inoculation of a virulent strain of M. tuberculosis var. hominis. Drug treatment, 
started two weeks after inoculation, is continued for a period of three weeks. 


OBSERVATIONS 


Aldinamide as a tuberculostatic agent: The comparison of pyrazinamide (Aldin- 
amide) with other antituberculous agents (table 1) is based on the average result 
of all of the observations. Activity of the drug is expressed in terms of a tuberculo- 
static guinea pig unit defined as “the minimal dose of any substance which has 
a tuberculostatic effect equal to that of the 4 ,4’-diaminodiphenylsulfone standard 
under the conditions of the test.” 

From the data presented in table 1 it appears that pyrazinamide (Aldinamide) 
given to the guinea pig in the diet is slightly less effective than 4,4’-diamino- 
diphenylsulfone; is more effective than p-aminosalicylic acid and nicotinamide; 
and is less effective than streptomycin given by the subcutaneous route. 

Forms of administration: In the guinea pig, pyrazinamide (Aldinamide) is 
active after both oral and parenteral administration. The use of oily solutions 
and solution in propylene glycol did not prove more effective than the parenteral 
administration of aqueous solutions. By the oral route, the drug-diet method 
gave results inferior to those with forced feeding. There is a need for further 
investigation of ways of administration and of treatment schedules. 

! Proprietary name, American Cyanamid Company. 

? From Lederle Laboratories Division, American Cyanamid Company, Pearl River, 
New York; and Summit Park Sanatorium, Pomona, New York. 
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Effect on different strains of tubercle bacilli: Most of the studies in guinea pigs 
were done with the same strain of human-type tubercle bacilli (S.P. #4314). 
Guinea pig experiments with a streptomycin-resistant strain (S.P. # 2495) showed 
a response to pyrazinamide which was at least equal to that of strain S.P. # 4313. 
The Washington Type Culture Collection’s Bovine Strain #9805 of M. tubercu- 
losis showed a rather poor response to pyrazinamide in the guinea pig. 

Effect of combination with streptomycin and para-aminosalicylic acid (PAS): 
Combination of pyrazinamide with either streptomycin or PAS in the guinea 
pigs resulted in an additive antituberculous effect. 

Effect of dosage: Establishment of a dose response curve for pyrazinamide was 
made difficult by very considerable variation of response to the same dosage 
with different samples of the drug. This variation was much more marked than 
in the case of both 4,4’-diaminodiphenylsulfone and streptomycin. Its cause 
has not yet been determined. Despite this variation in response, there is a general 


TABLE 1 
Guinea Pic Unit or DirrerReENT SUBSTANCES WITH 
ANTITUBERCULOUS ACTIVITY 


FORM OF ADMINISTRATION 


Subcutane Intraperitone 


lly 
ously ally Orally 


In the diet 


Streptomycin - 15 mg 


4,4’-diaminodiphenylsulfone. 50 mg 50 mg 
PAS 300 mg 

Nicotinamide 200 mg 200 mg 200 mg 
Pyrazinamide 75 mg. 30-45 mg 50 mg 50 mg 


correlation between dosage and response both on oral and parenteral administra- 
tion. 

Lack of toxicity: Toxic effects were absent in guinea pigs which received 10 to 
300 mg. of pyrazinamide daily (30 to 900 mg. per kg.) as judged by appearance 
and body weight during life and by post-mortem studies (gross and microscopic) 

Pathologic studies: Preliminary histologic studies of the tuberculous lesions 
of pyrazinamide-treated guinea pigs failed to reveal a constancy of qualitative 
differences. In figure 1 the definite character of the quantitative differences may 
be seen. It would seem that all changes observed histologically could be explained 
by a tuberculostatic effect which resulted in a lowering of the actual infecting 
dose without essentially modifying the character of the disease. This would not 
necessarily apply to other animal species with a less progressive type of tubercu- 
lous disease. 

Survival experiments: Two survival experiments with pyrazinamide (Aldin- 
amide) had varying results. The first experiment was done with material which 
had been of low potency in the routine test. Survival rates in the treated animals 
did not differ significantly from those of the untreated guinea pigs. In a second 
experiment, the T,o differed significantly among three groups of 30 guinea pigs 
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each: In Group I (controls) the T,, was 62 days; in Group 1/7 (30 mg. of drug 
daily subcutaneously for eight weeks) the 71 was S82 days; in Group I11 (75 


meg. ol drug daily in the diet for eight weeks) the T was 50 to 87 davs 


SUMMARY 


Pyrazinamide (Aldinamide) was tested against experimental tuberculosis in 


the guinea pig and was found to have moderate but definite antituberculous 
ctivitv. The drug was active when administered by either the oral or the paren 


teral route and produced no evidences of toxicity in the dosages used 
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PYRAZINAMIDE (ALDINAMIDE') IN THE TREATMENT 
OF PULMONARY TUBERCULOSIS: 


YEAGER, W MUNROE, FREDERICK DESSATI 
publication February 18, 1952 


INTRODUCTION 


In a program for the development of synthetic compounds with possible anti 
tuberculous activity at Lederle Laboratories by Kushner and associates (1 
pyrazinamide (Aldinamide) was synthesized 

Following im vitro studies with pyrazinamide, Malone and co-workers (2 
demonstrated that in experimental tuberculosis in mice there was a significant 
prolot gation of survival time in pyrazinamide treated animals and that lung 
nvolvement in the treated mice was considerably less than in the untreated 
control animals 

Studies in experimental tuberculosis in guinea pigs made by Dessau and co 
vorkers (3), using a test method based on evaluation of the extent of disease 

} showed that, when pyrazinamide Aldinamide) was given in the diet, it was 
slightly less effective than 4,4’-diaminodiphenylsulfone, but was more effective 
than p-aminosalievlic acid (PAS) and nicotinamide. Pyrazinamide was less 
effective than streptomycin when given by the subcutaneous route Toxi 
effects were absent in the guinea pig stu lies 

\s a consequence ol these findings ano oinvestigation Was started at the Sum 
mit Park Sanatorium to observe the effect of pyrazinamide in the treatment of 


pulmonary tuberculosis in man. Treatment was started on the first patient on 


September 16, 1949. The present report which represents 43 cases presents the 


salient observations in all patients treated. Treatment was started on the last 


patient m the series on December 8, 1951 
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PYRAZINAMIDE IN| PULMONARY TUBERCULOSIS 


due to active tuberculosis. Their films showed a far advanced fibrotic ¢ 


culosis whicl iad b OZTeSSIVE despite 


Subsequent! nts wit dvanced 
ip 
is given in capsules immediat fter meals or wit 
t sustammes 
tot 
of 695 gm 


consisted of 


thereafter for 
two ds 
With the orig 


ptibilit ton 


or susce] 


susceptibilit method 

10, LOO, and 1.000 of p 
i turbidimetric method 
1OO and 1.000 f 


RESULTS 
Toa cil 


Poxic reactions on the whole were mild and are presented in detail in table 1 

The hazard in using a new experimental compound ina small institution can 
readily be appreciated. Any change in the patient’s status, particularly any 
detrimental change vas at once ascribed to the medication. Thus, when a 
patient under treatment complained of severe joint pains, subsequent patients 
vatched for this symptom with apprehension 

Joint pains en patients complained of joint pains. The joints usually in 
volved were the shoulders, elbows, or knees. Movement of the joint was limited 
by pain No redness, swelling, or tenderness was apparent No changes were 
found on roentgenog! iphic examination. In 3 CUSeS, the path Was ol such se 
verity that medication was discontinued. In all patients the symptoms slowly 
disappeared after termination of treatment. Moreover, joint pains were not 
complained of at all by the patients on the final lower dosage regimen 

Four patients had nervousness, palpitation, or a feeling of tightness in the 


chest. After brief respite they were able to continue without the recurrence of 


symptoms 


Febrile reaction Three patients had an acute febrile reaction during treat 
ment, with chills and temperature to 103°F. which fell to normal within twenty 
four hours. An illustration of this type of reaction may be seen in figure 12 


Case A H In all of the 3 patients the medication was immediately discon 


1 the pure chen 


229 
ty pe of tuber 
iministered in three se t irses. The treatment schedule selected 

bdon lisecomfort. The tte relieved intacids. With the 
fit losage schedule ) s were few 
tion of D Re nee in \ 
Puberel ‘ solated m untreated cases were studied | 
namicde tion of the standard streptomveir 
wed. A fair rge imoculu s used in tubes containing 0, | 
inamide per mi ind the gr th of the culture was measured 
zinamide per n Part hibition was noted at 10 nd occasional it | per m 


IND DESS 


s subsequently resumed without 


patients had eosinophil nging from o to 10 per cent 
uloevtosis Was observed 


ime jaundiced « ing treatment, one i 142 
en tor fortv-two davs: the other 
eight v-sevel lav In both patients there w 


and general lassituce followed 


i= 
evident jaut 

vas Immediately stopped and the patients were maint iined on 
gh carbohvdrate, high protemn diet with ampk fluids 


ce reached a peak after few days, ther 


Nausea Was present 


slowly receded. Tests of 
suggested parenchymal involvement, which slowly cleared. At 
i, SIX and eight months after termination of treatment, these 2 
o residual signs of he path disease 
ventv-one patients had no complan ts ol al x1 ittributable to pvra 
imide administration 


t{AZINAMIDI 


Within 


ty 


one to three days after the start of pyrazinamide ud 
it one of the tubers ulous patients who had It 


ver of more than 
omple te defervescence The 


remission of fever was also accom 


mprovement in subjective feeling character 


rized hy impro ed appetite 
nd a general feeling of well-being that 


occasionally Was euphori Wiis 


followed by diminished cough and reduction in the total amount of sputum 


Re presentat 


Ve examples of the defervescence observed may be seen in figures 
Case J. D t (Case V. M.), and 3 (Case M. J 


Roentgenogd aph changes: Little roentgenographic 


change was expected in 
the patients vho were initially 


treated, as their films showed mainly 
cavitary type ol disease 


a far ad 
inced fibrotic which had slowly progressed despite 
various forms of collapse and antimicrobial therapies Twenty five patients had 
far advanced disease. In 19 there were no significant roentgenographi« changes 
it the end of the treatment period. In 6 of these patients, however, there was a 


definite improvement in the roentgenographic shadows of more recent disease 


330 TAG, 
SVmptor 
hia 
No en ol ry 
laund Iwo patients bet 
gm. of namide had beet 
clic 
ih 
| t 
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Jaundice 4 
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Diffieult sing 
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Act 
excence 
ministratior il 
1 F. showed a 
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This was noted both when the greater part ol the disease was of a recent exuda 
tive nature and when fresh areas of disease were superimposed on an old far 


process Example s of defervescence and roentgenographi 


advanced tubers ulous 
the onset of treatment mav be seen in figures 9 (Case J. S.), 8 (Case 


I ndings ut 


N | 7 Cust J 
| liteen patients had moderately advanced active disease. Of these, 12 showed 


roentgenographic improvement, and in 3 the shadows on the films remained uw 


changed Represe examples of the roentgenographi findings in these 
patients with moder: id anced tuberculosis mav be seen in higures 5 (Case 


R. I 6 (Case G. I Case M.G 


E-xtrapulmona es wo patients had an acute tuberculous larvngitis 
showing edema, redness, swelling, surface ulceration, and pain on swallowing 


\fter the start of pyrazinamide therapy, the lesions cleared rapidly with early 


2 other patients chron larvngeal lesions which 


loss of pain and other signs. In 
=lo 


wy progressive for a period ol several years showed 


had been present al d 
Both lesions responded 


improvement on pyrazinamide therapy 


only slight 
was discontinued and streptomvcih Was 


more rapidly when pyrazinamide 
started 

One patient had a small indurated ulcet 
of tuberculous origin by examination of biopsy 
ulcer healed rapidly and remained well after seven days’ treatment with pyvra 
eloped a cold abscess to the left of the 


at the base of the tongue which was 


proved to be material. The 


zinamide. The patient subsequently dey 


sternum which cleared slowly after seventy-three days of pyrazinamide treat 
ment, during which time his advanced pulmonary disease also improved 


In another patient, a all draining pleurocutaneous fistula communicating 


with a poorly drained empyema cavity closed under pyrazinamide treatment 


The fistula had pre 
The underlving empvema cavits and larger posterior drainage tract were not 


iously been unaffected by several courses of streptomycin. 


noticeably affeeted by the pvrazinamide 
ctive tuberculous adenitis in the left axilla showed marked 


of the nodes during the administration of pyrazinamide 


\ patient with 
reduction mm some 
During therapy, however, other nodes became palpable along the rib and were 
subsequently resected during a course of streptomycin therapy 

One patient treated for tuberculous empyema with inactive pulmonary tuber 
culosis showed no svmptomatic or other response to pyrazinamide 

(Juestion of nonspecific antipyrexial effect: In an attempt to see if the rapid 
defervescence of the tuberculous patients represented a nonspecific antipyrexial 
effect, 2 patients with fever of other origin were treated with pyrazinamide. One 
of these patients had inactive tuberculosis but had definite periarteritis nodosa 


with a daily temperature as high as 104°F. There was no evidence of anv in- 
The 


fluence of the drug on the febrile course of this patient (figure 11, Case J. F. 
other patient had fever as a result of a nontuberculous pleural effusion, and his 
temperature course was also unaffected by the administration of pyrazinamide 


rhirty-three patients were discharging tubercle bacilli 


Bacteriologic studies 
15 there Was no 


in the sputum when pyrazinamide treatment was started. In 


EAGER, MUNRO?! DESSAl 
Hogic findings during therapy. The bacillary content was 


Is, le 


In 4 cases 


change the bacter 
tients and m 10 of the could no longet bye 
the sputum remained 


IS pat 
cor centrated specimen 


all subseque 


reduced 
found on sme of 
ol nt cultures without further drug 


sa rapid and irregular emergence 


There wa 
tubercle bacilli which was accompanied by failure to 
ind failure to 


notomats« response despite continued treatment 
(\n example of such a 


i repeated course of treatment atte relapse 
h day of continued pyrazinamide therapy may 
bacilh seemed to Lippe il 


he ith 


nt 

izinamide-resistant tubercle 
irye qual tities of 


ise F. deG.). Pvi 


patients 


more rapidly those Who had large cavities and 
content 
vas noted in all of 


resistance 
All of the 


eentration 


sputum with high bacillars 
in appres iable degree of drug 
Ih were tested before ilter trentment 


ind 


pyvra 


1 elopment of 
patie ts whose bac 
Iti inamide Col 


1,000 y of drug per ml 


therapy sh wed growth 
the 


grew 


ited 


most of 


100 +7 per ml., and strains from 10 patients 
the lesions 


chron wiry 


as neither inh 


treated, permanent Improvement seen | 
| the group ot tat 


ses. | 
Fourteen of 17 patients who were treated with pyrazinamide for 
veal 


inticipated mor 


itment 
thirty 


patients 
idvanced CUSeS relapse uniter tre 


month to one 


comme 
returned to their pretreatment phase one 


davs 
In these 14, the tuberculosis has either proved fatal or remains 


treatment 


alter 
other antimicrobial therapy 
who were treated thirtv davs 


\ th mode rately advane ed dlise ist 


despite 
to then pre treatment ph ise Wiis noted in foul 


r 
10 patients 
retul 


DISCUSSION 
the course of the 


t of pyrazinamide (Aldinamide) on 
it appears that the drug POSSESSES Ui moderate 


elle 
! these patients 
Was capable of producing a 


activitv. Pvrazinamide 


to active pulmonary tuberculosis, 


associated with reduction in 


of a general sub 


tuber 
degree ot 
lefervescence In patients with fever due 


rapid 

und the administration of the drug was uniformly 
cough and total amount ot sputum and with the appearance 
The ettects of pyrazinamide were equally apparent in 


ect mpro 


ement 
hose tubercle bacilli were resistant to stre ptomycin as in those whose 


patient 
susceptible The toxic reactions encountered were mild and, “us a 

which sometimes rea hes a euphori 


vhole 
response 


The immed svmptomatt 


ite 

ipid than that pre iously seen by the present writers following 
treptomvecin or PAS 

itelvy, the usefulness of pyrazinamide appears to he limited sharply 
the rapid emergence of drug-resistant strains of tuberele bacilli in 
far adva s common 


uly anced disease 


this group and 


fter the 


d tuberculosis Relapse Wa i 


rie 
the cases of moderately 


frequently 


therapy 
of drug-resistant strains of 
mit tal 
respond to 
relapse ti 
figure 2 
of 
| ley 
evil ! 
leve smo 
the use of s 
Unfortu 
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short courses of drug used in the present study. Even in the last-named situa 
tion, however, the temporary improvement noted may be of real benefit. It is 
possible, moreover, that longer courses of treatment would be beneficial in the 
moderately advanced lesions. This aspect of the problem is under Investigation 

In the present study, the use of pvra inamide in conjunction with other 
antimicrobials has been avoided in an attempt to evaluate its effects alone 
Pyrazinamide was used with PAS for short periods in 2 cases 

It is believed that pyrazinamide has a definite sphere of usefulness in the 
following situations in tuberculosis: (7) in patients with strains of tubercle 
bacilli which are resistant to streptomycin, who have recent increase of disease, 
and in whom treatment might enable them to return to a “good chronic’ phase ; 
?) in patients with streptomycin-resistant bacilli who need surgical treatment ; 
») In patients with moderately advanced on early far advanced active exuda 


tive disease with fever, cough, and expectoration 


SUMMARY 


Pyrazinamide Aldinamicde has been used in the treatment of 43 patients 
with active pulmonary tuberculosis. The administration of the drug was 
promptly followed by a rapid reduction of temperature in those patients with 


more than one degree of fever. The severity of cough and the total amount of 


sputum were considerably diminished. Pyrazinamide appeared to be equally 


effective in patients whose tubercle bacilli were resistant o1 susceptible to strep- 
tomvecin. The toxic reactions noted during the administration of the drug were 
all mild. The usefulness of pyrazinamide is limited by the rapid emergence of 
drug-resistant bacilli, particularly in patients with far advanced tuberculosis 


with large cavities 


SUMARIO 


La pirazinamida dinamida) fué usada en el tratamiento de 43 enfermos con tubercu 


losis pulmonar activa tadministracion de la droga fué pronto seguida de rdpida baja de la 


temperatura en los enfermos « enian mas de 0.6 grados de fiebre. Disminuveron con 
siderablemente la intens v la ecantidad total ce esputo La pirazinamida pare 
cid ser igualmente efies 1 los enfermos cuvos bacilos tuberculosos eran resistentes o sus 
ceptibles a la estreptomicina. Todas las reacciones t6xicas observadas durante la adminis 


} 


tracion de la droga fuerot ves. La utilidad de la pirazinamida se ve limitada por la répida 


formacion de bacilos farmacorresistentes, en particular en k 


susetos con tuberculosis muy 


RESUMI 


traitement de 43 malac 


tron «ce es ad iments a été immeédiatement suivie d'un abaissement 


la température dépassait de 1 degré 


] 


expectoration ¢ 


rapide la température ¢ ceux des malades dont 


ln normale. La sévérité ce toux et la quantité totale de tarent conside 


ihlement diminuées. I pv iiam ‘est montrée également efhieace chez de malades 


les tubercule i t nt ints ou sensibles a la streptomvecine Les re actions 
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Fic. 1. Fifty-eight-vear-ol ile. Onset of tuberculosis in 1926. Continuous hospitaliza 
tion since 1936. Film at start « itment showed yht: fibrotic infiltrate and cavity forma 
tion in the upper third; left i v 6 by 9 em. in upper half, increasing disease and cavity 


formation below that area he sputum contained tubercle bacilli, temperature ranged 


101° to 108°F. for two montl Hie was previously treated with streptomycin on three ov 


casions with no response in the last course, and tubercle bacilli recovered from sputum 
showed growth in 100 y of streptomycin per ml. Treatment with pyrazinamide (Aldinamide 
September 16, 1949 to October 13, 1949, 174 gm. There was an immediate drop of temper 


ature to normal 


ind sputum was reduced to one ounce. He rel ipsed within twenty-one days 
after treatment was stopped. A second course gave less response. A third course, one yeat 
later gave no response He died despite subseque nt antimicrobials 

Roentgenogram taken September 16, 1949 


Temperature char dicating commencement pyrazinamide therapy 
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Case 2 (J.D 


\ 
Pe. r 
\ IM 
‘ 4 
Case 6 (FF. de G 
I ie t ear-old fer e with pulmonar tuberculosis treated since [66 
! eft pneumothor left thoracopias roentgenograms Mo to Tae 
showed ( \ t both right ne left 1M There was spreading lesion in the right 
ere vit orn tion noted in 140. Strepton el vas given tor 
His Mu witl u ct e improvement but no roentgenograpl change Patrent’s temper 
ture for one month t time treatm t is Started The sputun sus 
' 1 ‘ ‘ hi yrew in presence of 100 f strepton ein pert Tort 
treatment davs. Her temperature u ecliats dropped to norma 
‘ rned } ‘ us leve the seventeentt The following ear she \us 
! th response. She died J 51 despite further antimicro 
st ist the raj i emergence of resist ce both ¢ mal 
Phe ‘ od tr this patient betore treatment showed ttle susceptil t The 
ent higt resistant strains of bac oceurred 1 
Row we October 7. 1049 
ire heat y commencement ot le theral 
536 
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Case 7 (M. J 


hia. 3. Thirty-three r-old female. Left pneumonectomy for tuberculosis in 1044 
Tuberculous empvema and bronche pleural fistula one 


vear later with spre id throughout 
remaining lung. Temperature to 101°} 


for more than two months 
mamide) started on November 7, 1949 and continued for 
omatie response \ draining anterior 


Previously treated with 
streptomycin. Pvrazinamide (Aldir 


iS days. Immediate s mpt 


pleurocutaneous sinus 
closed; no change in draining empvema. Recurrence of fever 


it end of six weeks with 
response to re-treatment 


despite all other antimicrobials 
Roentgenogram taker tober 17, 1949 


less 


Femperature chart indicating commencement of pyrazinamide therapy 
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male. Onset of tuberculosis in 1934, with thoracoy 


ith no check-up for several years. He had gradual develop 
up in October Admitted 


ran acute svmpton 
His roentgenogram showed thoracoplast) infiltration 
formation in both upper thirds. He was treated with streptomvein 
1 due to slowly rising nonprotein nitrogen. His temperature rose 


nue 
ed on Januar 1950, followed by a rapid drop in ten 


mptoms. Total drug, 536 gm. in Ol days, two courses. There 


course. He died in August 1950 
ver ZS. 10490 


g commencement therap 


338 
he 
| 
(ase & \ 
Wi int 140, but w 
ment ots ptomes cu 
in November 1049 
throughou ( vit 
which was diseont 
to LOL Pye i 
perature and improved 
Roentgenogt taken Octol 
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Fic. 5. Twenty-three-, d male. A diagnosis of tuberculosis was made on routine 


t fore admission. His temperature was elevated on admis 


insurance examination five 


sion, falling to normal befor 
showed a very active lesion i 
Sputum Was positive tuberele bacilli. Treatment started on February 2. 1950 


7 gm. The sputum was negative for tubercle bacilli 


~é 


continued for a total of 
on concentrate and culture af reatment, with clearing of roentgenogram. No further 
or collapse t i Discharged is inactive May 195] 
t 2. 1950 before commencement of 


pruary 


intimicrobials 
pyrazinamide 


A. Roentgenogram 


ther ips 


B. Roentgenogram 5, 1950 Tempe rature chart indicating commencement of 


pyrazinamide therapy 
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| 
| 
HAO 
| 
A 8 c 
BE 
(ase 5 (CG. | 
t nset of disease in Mar 1051; was 
lmitted M BO. 1951 th temperature to 101 Her roentgenogram showed 
notl ‘ » infiltrate throughout with fluid at base. The sputum was positive 
seal Pyrazit 1. was atarted on April 3. 1950 and continued for 45 days, 
sO Phe t vrature te to normal and remained so except tor transient rise T he 
Roentgenograms showed marked clearing No further anti 
theray Was discharged inactive April 1951 
\. Row ue y t en Mareh 2S 1950 
B. Ree ue ! ‘ lune 16, 1050 
Roentgenog en Mareh 1, 1951 
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PYRAZINAMIDE IN 


~ = 


with 


mper iture 


spre id of 
started 


Hin. Pyvrazinamide 


ind roentgeno 


to aureomycin or peniel 
response 


the next 


davs. Definite svmptomatr 
remperature remained normal for two months 


to continued cougl Still active despi 


te strepto 


PAS due 


1050 
commencement of pyrazinamide 


\ 
| Ml 
+. 
Case 24 (J.H 
Fic. 7. Fifty-nine-vear-old male. Far advanced tuberculosis diagnosed in 194M 

treatment since that time. Had su 

to 103°F.. June 1950. No response 

on July 7, 1950 and continued for 

graphic clearing of recent lesion 

t which time patient started or 
mvein and PAS 
Temperature chart indicating therap 
. 
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A 4 


AN 


ously 


presence 
His roentgenogram showed nlatera 
one-thirds. The sputun r tubercle 
im the ing fever SIN 
rap Treatment st te 1950 and continued 
rm. There was marked immediit esponse and 
m. He subsequently relapsed and g 
response to subsequent 


July 17, 1950 
en September 6 1050 


ng commencement 


O42 
4 
A ims i 
| 
! S. The ‘ {7-vear-old-male, was admitted June 5, 1950 He had previ ZZ’! 
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old-male was admitted January 12, 1951, one week after 
naving Droxen roentgenograms showed ght: some inhitration 
rose to 


nature throughout. The temperature 
fant li. He was treated three davs with 


f acid-fast bacilli 
started on January 20. 195] 


infiltr 
dail Sputum contamed 100 to 200 ce. o 


PAS without response Phi 
in 37 days. He had rapid symptomatic 


s was stopped and pyrazinamide 


ind roentgenographic response 


total amount 101 gm 
ind subsequent further with pneumoperitoneum. No further antimicrobials 
Roentgenogram take 20, 1951 
lemperature char ommencement thecans 


ERCULOSIS 43 
~ 
ope | 
(ase 3d |. 


YEAGER, 


MUNROE, AND 


DESSAI 


Septem 


temper- 


torium 
Tis shov 
eft: seattered infiltrate through 
sputum contal adil ge numbers of 2 
yeagnsn yrs d for 42 days, 113 gm. There 


ietive 


was an 
with rapid 


sputum 18 


oO 
z 
? 
A i 
fi 
ik 
* 
| Case 43 (M.G 
10. Thirt ear-old temal ith svmptomatic onset of tuberculosis in 
er 1951. A diagnosis of pneumonia was made November 22. 1951, at which time her [Zz 
ture was to 102°] Ther was no response to penmeillit jureomvein, or terramycimn The 
sputum was found positive tor tuber 
th temperature remaining at Le 
lesio vith infiltration on the right n 
out with consolidation at base. The 
lreatment started on December S 
mmediate symptomatic response 
vy negative tor tubercte ! willi on concentrate. She continues it rest 
\ Roentgenogram ft en December 4 1051 
RB. Roentgenogram taken January 17, 1952 
I wrature chart indicating commencement of pyt namide theray 
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TEMPERATURE 


pee 


| 


Case 


Fig. 11. Thirty-four-year-old male with onset of tuberculosis in 1936. Tuberculosis in 
active many years. Increasing nonprotein nitrogen, blood pressure, and fever, and sub 
cutaneous nodules for several months, with diagnosis of periarteritis nodosa proved by 
biopsy. Treatment started on January 19, 1950 and continued for six days. No symptomatic 


response to pyrazinamide therapy. Death from periarteritis several months later. 
Temperature chart indicating commencement of pyrazinamide therapy. 
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TEMPERATURE CHART 


hia. 12. Thirty-seven-year-old female 


A diagnosis of tuberculosis was made in October 
49. The patient was admitted in Feburary 1950. Her roentgenograms showed scattered 
infiltration above the third rib bilaterally 


She was asymptomatic. Her sputum was inter 
mittently positive for tubercle bacilli. Roentgenograms showed little or no change on five 
months’ bed rest 
sudde 


Pyrazinamide was started on August 14, 1950. No change was seen until 
chill sent her fever to 102°F. on the eleventh day. (Subsequently more intense tan 
r of the skin was noted). The treatment was stopped but started two weeks later at he 

incident. Total amount of drug, 65 gm., in 37 days. Her subsequent roent 
ns showed some clearing bilaterally. Her sputum was negative for tubercle bacilli 
t nd five cultures. She was discharged and remains inactive 


hart indicating commencement of pyrazinamide therapy 
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STREPTOMYCIN IN MINIMAL TUBERCULOSIS! 
ETHEL FLOREY 
(Received for publication October 10, 1951) 


INTRODUCTION 


Since the publication of the results of the first clinical trials of streptomycin 
in pulmonary tuberculosis in 1946 by Hinshaw, Feldman, and Pfuetze (2), it 
has been plain that the most dramatic results are obtained in relatively acute 
exudative disease. The use of streptomycin in minimal tuberculosis was dep- 
recated because efficient forms of treatment were already available; and the 
fact, which emerged later, that resistant strains might appear during treatment 
strengthened the objection. If such strains appeared early in the course of ther- 
apy, the patients might derive no benefit from the treatment, while at the same 
time they would have prejudiced their chances for obtaining benefits from 
streptomycin treatment in the future when they might need it more urgently 
(11). Moreover, the ever-present possibility of infecting others with streptomycin- 
resistant tubercle bacilli is particularly likely with patients with minimal lesions, 
for they are so much more apt to be ambulatory than patients with more ad- 
vanced disease. 

Nevertheless, with penicillin in mind, in 1947 it was considered useful to see 
if the administration of streptomycin to early cases of tuberculosis would so 
lessen or prevent damage as to reduce expenditure of the drug, hospital ac- 
commodation, invalidity, and medical attendant’s time. 

At that time, before the effect of administration of para-aminosalicylic acid 
(PAS) with streptomycin on the emergence of resistant strains of tubercle 
bacilli was known, the problems were to formulate how patients should be treated 
without running the risk that the strains of Mycobacterium tuberculosis they 
harbored would be replaced by drug-resistant strains while full control of the 
infection was being obtained, and to devise a criterion of effectiveness of treat- 
ment. Progress, never easy to assess roentgenographically, was especially diffi- 
cult when the size of the original lesion might be little bigger than the area of 
scarring left after healing had taken place. Bacteriologic control was also thought 
to be of questionable value because patients in whom the diagnosis of minimal 
tuberculosis is made frequently have no sputum, and cultures positive for 
tubercle bacilli are often obtained only intermittently, if at all. It was there- 
fore considered essential that ‘“‘controls’’ should be observed for the same period 
as patients treated with streptomycin. The course of tuberculosis in these pa- 
tients treated by the methods considered most suitable before the introduction 
of streptomycin should form the necessary standard against which progress in 


streptomycin-treated cases might be assessed. 
A visit to the United States in 1947 provided an opportunity of learning at 


! From the Central Middlesex Hospital, London, and Sir William Dunn School of Pathol- 
ogy, University of Oxford. 
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first hand the experience of workers who had already been using streptomycin 
for two years and also of approaching pharmaceutical firms,? who generously 
supplied the streptomycin for such an investigation when it was not generally 
available in Great Britain. 

Accordingly, an investigation was started with the inclusion of ‘‘control cases”’ 
which received no streptomycin. For various reasons which are mentioned below, 
it was not possible to complete the study. As a consequence, the following ac- 
count represents, in effect, a report of the clinical, bacteriologic, and roentgeno- 
graphic course of minimal tuberculous lesions of the lung during and subsequent 
to streptomycin compared with older therapy over the first two years of obser- 
vation. 


MATERIALS AND METHODS 


Original Scheme of the Investigation 


Definition of minimal tuberculosis: The definition of minimal tuberculosis was similar 
to that adopted by the American National Tuberculosis Association (1)* and the Prophit 
Tuberculosis Survey (13). A lesion was considered to be minimal when, as represented on 
anteroposterior roentgenograms, its total extent (one or more areas) was no greater than 
that extending from the apex of the lung to the lower border of the second rib, and was 
present in association with positive bacteriologic evidence of tuberculous infection. It was 
not found practicable to exclude demonstrable excavation, as tomographs so frequently 
revealed small, soft-walled cavities. The duration of symptoms before treatment was not 
longer than a year. 

Patients were to be obtained in the following manner: First, they would be diagnosed 
roentgenographically at the Willesden Chest Clinic and then sent for admission as in 
patients by the senior tuberculosis officer to the tuberculosis unit of the Central Middlesex 
Hospital, where bacteriologic confirmation of the diagnosis was to be made 

Selection for ‘“‘control’’ or streptomycin series: Selection for ‘‘control’’ or streptomycin 
series would be on the basis of alternate cases according to the date when the first positive 
bacteriologic specimen had been collected. This rule was strictly kept, with the result that 
acceptance for one or the other series did not necessarily follow the order of admission to 
the hospital and was therefore not known to the physician. An immediate result from 
examination of a smear of sputum might be obtained, or six weeks might elapse before the 
result of the culture was known which admitted or excluded the case from the investigation 
During this time a third patient might have been admitted whose inclusion in one or the 
other series would also depend on when the results of examinations of previous patients 
were obtained 

General treatment: ‘‘Control cases’’ were to be treated, when possible, according to recog 
nized lines of collapse therapy, but patients were to be included among them even when 
collapse was impracticable. Streptomycin treatment is discussed later, under ‘‘the scheme 
in operation,” in which both types of treatment are dealt with in greater detail 


*? Merck & Co., Inc., Charles Pfizer & Co., Inc., and E. R. Squibb & Sons have kindly 
provided the supplies of streptomycin for this project through the instrumentality of Mrs 
Mary Lasker of New York City. 

? Definition: Slight lesions without demonstrable excavation confined to a small part 
of one or both lungs. The total extent of the lesions, regardless of distribution, shall not 
exceed the equivalent of the volume of lung tissue which lies above the second chondro 
sternal junction and the spine of the fourth or body of the fifth thoracic vertebra on one side 
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Investigations: Serial investigations to be carried out were as follows 
Symptoms 
Roentgenograms of chest 
Bacteriologic examinations 
Weight measurements 
Erythrocyte sedimentation rate 
Hemoglobin concentration 
Lymphocyte-monocyte ratio 
To reduce bias, all observations except estimation of the patients’ symptoms were to be 
made by persons other than the present investigator, the latter merely recording them. 
This seemed particularly important when the roentgenograms were concerned. The team of 
radiologists attached to the hospital were to report on the films throughout, even when the 
patients had ceased to be in-patients and were attending the Willesden Chest Clinic. 
In each series, cases were to be followed for a minimum period of five years from the time 
of each patient’s admission to the hospital. 


The Scheme in Operation 


Number of cases: Forty-eight patients considered to have minimal pulmonary 
tuberculosis were admitted during the two-year period which started in March 
1948. This should have meant 24 patients in each series, but 12 were lost before 
admission to either series for the following reasons: 


One patient was excluded because the diagnosis of a minimal lesion was not con- 
firmed by the radiologists and the history was of chronic tuberculosis treated for 
four years. 

Five patients had to be removed from the series because cultures and guinea pig 
inoculations remained persistently negative. 

Four patients, who did not have complete bacteriologic examinations before treat- 
ment was started, were subsequently persistently “negative.” 

Two patients were withdrawn by attending physicians, once streptomycin was 
freely available, and given both chemotherapy and collapse. 


Of the remaining 37 patients, 18 served as “controls” and 19 were treated with 
streptomycin. Unfortunately, however, 10 of the total series were also lost after 
treatment and follow-up had proceeded for three months to two years. 

Among the streptomycin-treated cases: one patient early in the series, whose 
sputum had not remained consistently negative for M. tuberculosis after two 
courses of streptomycin, elected to be treated by collapse; 3 patients were re- 
moved by their physician after six, fifteen, and twenty-four months, respec- 
tively, and treated by collapse; and one patient left the district after a year and 
could not be traced. 

Among the ‘control’? cases: 2 patients left the district; one, after three 
months, fora mental hospital where conditions might not have been comparable 
with the conditions of other patients. The second went to Scotland, whence 
no report was obtained from his tuberculosis officer; and 3 patients, who after 
two years were not progressing to the satisfaction of their tuberculosis officers, 
were given streptomycin and PAS. 
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OBSERVATIONS 
Status of T ulhe rculosis alt the Be gi rin ing of Treatn ent 


Duration of symptoms: Two patients in each series had been contacts of tuber- 


culous friends or members of a tuberculous family in past years. They had been 


examined roentgenographically at regular intervals and, although each had had 
a small shadow for several years, this had remained stationary. These patients 
had no complaints, and the duration of their symptoms was calculated from the 


TABLE 1 
Duration Or Symproms Berore TREATMENT 


Number of Cases 
5 MONTHS 6 TO 12 MONTHS 


*“Control’’ 


Streptomycin-treated 


TABLE 2 
AGES AT THE BEGINNING OF TREATMENT 


Number of Cases 


‘*Control”’ 


Streptomycin-treated 


TABLE 3 
GICAL EXAMINATION Berore TREATMENT 
Number of Cases 
LTURES ONLY 
POSITIVE FOR 


TUBERCLE 
BACILLI 


“Control” 1s ‘ 10 


Streptomycin-treated 19 8 


* Cultures negative or not done No positive specimens after admission 


first time an increase in the size of the shadow was observed. The remainder had 
some symptoms, such as a “feverish cold,” malaise, attack of indigestion, or 
expectoration of blood-stained sputum, from which they dated their complaint. 
With these not very clear-cut criteria, it was possible to give a period for the 
duration of symptoms which, though approximate, gave some idea of the acute- 
ness of the activity in each series. The cases in the streptomycin series were, on 
the whole, more acute than those in the control series. These data are presented 
in table 1 


ige and sex distribution: The sex distribution was approximately equal: there 


590 
SERI 
a 18 f 5 7 
ee 19 5 9 5 
| 
| 
SERIF TOTAL YEAR 21 To 35 YEAR TO 49 VEAR 
a 18 7 6 5 
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were 7 males among the 18 “controls” and 8 among the 19 streptomycin-treated 
cases. The age distribution in the two series was not grossly dissimilar, as is 
shown in table 2. 

Severity of infection: From the above material and the bacteriologic and radio 
logic data shown in tables 3 and 6, it was possible to estimate the relative se- 
verity of the disease in the two series. In the streptomycin series there were 2 
less patients with purely exudative lesions than in the ‘‘control’’ series; 2 more 
with infraclavicular lesions (found to have the worst prognosis in the Prophit 
Survey in Great Britain (13)); 2 more with demonstrable cavities; 5 more who 
were coughing up sputum in which tubercle bacilli were readily demonstrated ; 
and 7 more in whom there was evidence of anemia. There was also one patient 
who had an anal fistula. The factors weighing against the ‘‘controls’’ were the 
presence of one more patient with bilateral disease (lost to the series within 
twelve months) and one more than in the streptomycin-treated cases with two 
foci on one side; one patient had fluid in the pleural cavity. In 3 more patients 
the lymphocyte-monocyte ratio was lower than the arbitrary standard of nor- 
mality, 90 to 10. The initial condition was not considered therefore to favor the 


streptomycin series. 


Treatment 


Control cases: Pneumothorax was induced in 14 patients, pneumoperitoneum 
in 7. In 2 patients with fever, pneumoperitoneum preceded pneumothorax; and 
in 2 patients, the procedures were performed concurrently. In one patient col- 


lapse was impracticable owing to an effusion. 

Collapse was induced within the first two weeks in the majority of the pa- 
tients, but it was delayed in 3 due to fever or to cavitation which appeared to be 
enhanced when collapse was first attempted. Refills were performed first at 
weekly, later at fortnightly, and eventually at three-weekly, intervals, collapse 
being maintained for ten months in 2 patients and for two years or more in 15 
patients. 

These patients, except for one with a lower lobe which appeared completely 
collapsed before discharge, remained in the Unit between three and six months. 
They were then transferred to a sanatorium, convalescent home, or their own 
homes, the type of home rather than the patient’s condition dictating the place 
of convalescence. Here observation and treatment were continued until patients 
could attend the Willesden Chest Clinic for the continuance of collapse therapy. 
The initial period of institutional treatment averaged 19.8 weeks per patient 
(9 to 44 weeks). 

Streptomycin-treated cases: Patients did not necessarily receive chemotherapy 
within the first week after admission to the hospital, though there was no ther- 
apeutic reason for deferring it. However, the difficulties of organization did not 
prevent first administration of the drug to all patients by the end of the third 
week. 

The original scheme of treatment was based on two considerations: the need 
to eliminate all evidence of infection before treatment was abandoned and, 
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equally essential, the need to avoid inducing the emergence of resistant strains 
of M. tuberculosis. With these points in mind, treatment was divided into sepa- 
rate courses, each of 0.5 gm. of streptomycin twice daily and limited to twenty- 
eight days. At the time the investigation was begun and during the following 
year, no report was published of the appearance of resistant strains earlier than 
twenty-nine days from the start of streptomycin, although they had been evi- 
dent between the twenty-ninth and thirty-fourth days (5, 6, 11, 15, 16, 18). 
Because of the number of patients with acid-fast bacilli in smears of their 
sputa, it soon became clear that a single course of twenty-eight days was not 
sufficient to eliminate the organisms, and subsequent analysis showed that in 
only 5 of the 19 patients were cultures of swabs or sputum consistently free 
after the first course. It was therefore decided that at least two courses were 
essential for each patient, but the second was not given until a bacteriologic 
report was received on a specimen obtained after treatment had ceased. The 
interval between the courses was never less than six weeks and was frequently 
longer because of the appearance on the culture media of a colony of tubercle 
bacilli requiring a test of sensitivity. If the culture was negative or (if positive) 
the bacilli were found to be sensitive to streptomycin, the second course of 
twenty-eight days was begun. After this, the administration of further treat- 
ment was guided by the bacteriologic examinations and roentgenographic evi- 
dence of renewed activity and, in women, by the onset of pregnancy and parturi- 
tion. When indicated by these signs, injections of streptomycin were given at 


home by the district nurse, a single daily injection of 1 gm. being used and two 
courses advised. In this way streptomycin-treated patients remained under 
observation and might receive courses of treatment for as long as collapse was 


maintained in ‘“‘control”’ patients. 

(ll institutional treatment was given in the Unit so that a more rigid bac- 
teriologic check could be kept on the patients. The initial period of institutional 
treatment averaged 22.8 weeks per patient (9 to 43 weeks). Each patient, there- 
fore, had, on an average, the advantage of three weeks longer under skilled 
supervision than did the “controls.” 

After discharge from the hospital, few patients received the treatment recom- 
mended, for many personal factors entered into the periodic assessment of each 
case. The fear that a new type of treatment might be prejudicial to the patient’s 
welfare when a well-tried one was available, and reluctance to rely for indica- 
tions of activity on bacteriologic reports unsupported by roentgénographic 
signs, influenced tuberculosis officers to withhold streptomycin treatment when 
it was advised or to substitute collapse therapy more or less empirically. 

Such difficulties led to the abandonment of the systematic investigations out- 
lined above and of the administration of streptomycin alone on December 12, 
1950, when the patients had been under observation for six months to two years. 
The systematic investigations outlined above ceased abruptly, and patients were 
thereafter treated on the recommendations of the tuberculosis officers only. 
It was, however, eventually possible for the present investigator to obtain re- 
ports of patients’ clinical progress and bacteriologic examinations. Treatment 
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in some cases was continued along lines similar to those already laid down with 
the addition of para-aminosalicylate to the chemotherapy, but the intervals 
between courses of streptomycin were much greater and the drug was seldom 
given again until there was roentgenographic evidence of spread. 

Because of the difficulties in continuing the investigation, it has been thought 
advisable to report the progress of cases over the first two years, although it 
was obvious that full control of the infection could not necessarily be assured 
by then. 


Course During and After Therapy 


Bacteriologic: Approximately one-half of the patients had no recognizable 
cough or sputum on admission and it was only with some struggle that they were 
able to cough up a sample for examination. It was found better to obtain laryn- 
geal swabs from these patients, as otherwise they were apt to spit saliva into 
their specimen jars. Gastric washings were frowned on by staff and patients 
alike. Four “control” and 8 streptomycin-treated patients had no other type of 
specimen collected throughout the period of observation, but there was a higher 
proportion of streptomycin-treated patients from whom sputum containing 
demonstrable acid-fast bacilli in direct smears was obtained than there was 
with the controls (table 3). 


Methods 


Laryngeal swabs: Cotton-wool swabs, dipped in sterile distilled water before collection 
of the sample, were then rubbed in 5 ml. of 10 per cent hydrochloric acid in a centrifuge tube. 
After standing at room temperature for fifteen minutes, the acid was neutralized with 4 
per cent sodium hydroxide containing phenol red and centrifuged for fifteen minutes. The 
supernatant was poured off, and the deposit was inoculated on Léwenstein egg medium and 
incubated for six weeks at 37°C. If the cultures were negative, they were not discarded 
for eight weeks. 

Sputum: To 5 ml. of sputum in a wide-mouth 30 cc. universal container, 5 ml. of 10 per 
cent hydrochloric acid were added. The container was then shaken at room temperature for 
fifteen minutes in an electric shaking machine. After neutralizing with 4 per cent sodium 
hydroxide, the contents were centrifuged for fifteen minutes at 3,000 r.p.m. Smears and cul 
tures on Léwenstein egg medium were made from the deposit. 

Sensitivity tests: Ten ml. of Dubos-Davis Tween‘-albumin medium were inoculated with 
growth from Léwenstein culture; 0.2 ml. amounts of the growth resulting after incubation 
for twenty-one days were used to inoculate tubes, each containing 10 ml. of the same 
medium with different concentrations of streptomycin incorporated in them. The con- 
centrations of streptomycin were 0.25, 0.5, 1.0, 10, 1,000, and 5,000 y per ml. A control 
tube without streptomycin and also a parallel series of tubes with the strain H37Rv were 
inoculated. After incubation for twenty-one days, the lowest concentration in which no 
growth appeared was recorded as the sensitivity of the organisms (recommendations as in 
(6)). 


In figures 1 and 2 are presented the monthly bacteriologic findings in each 
series, together with the periods when active treatment was applied. For the 


‘Proprietary name of the polyoxyethylene derivative of Sorbitan monooleate, Atlas 
Powder Co., Wilmington, Delaware 
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sake of clarity, pneumothorax refills are not shown in figure 1, the boxed-in areas 
signifying the period of time during which collapse was maintained. During the 
first six months, when patients were usually in the hospital, the majority of 
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Fia. 1. “Control cases.”’ Results of bacteriologic examinations at months from first 
admission. 
Plus signs indicate presence of acid-fast bacilli on smear or M. tuberculosis on 
culture. The diagonal across a square separates the report of the smear (above), if 
sputum was present, from that of the culture (below) 
start of collapse or streptomycin 
= discontinuance of collapse or streptomycin 
incubator overheated; culture result not known 
streptomycin 
para-aminosalicylate 
parturition 
hemoptysis 
= cavity on roentgenogram; no bacteriologic result known 
= spread on roentgenogram; no bacteriologic result known 
= resistant to streptomycin 
= artificial pneumothorax induced in a streptomycin case 
= lobectomy 


Results as available on December 31, 1951. 


specimens were taken weekly. If any were “‘positive,’’ the sign indicating the 
monthly result was made “positive,” irrespective of the number of other ‘“‘nega- 


tive’”’ results 
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Four hundred and forty-seven examinations were made of the “‘control cases”’ 
and 650 of the cases in the streptomycin series. The opportunities for detecting 
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Fic. 2. Streptomycin-treat tesults of bacteriologic examinations at months 
from‘ first admission 
Plus signs indicate presence of acid-fast bacilli on smear or M. tuberculosis on 
culture. The diagonal across a square separates the report of the smear (above), if 
sputum was present, from that of the culture (below 
For convenience of charting, the streptomycin treatment is placed within the 
month to which it most closely corresponds 
= start of collapse or streptomycin 


= discontinuance of collapse or streptomycin 
= incubator overheated; culture result not known 
= streptomycin 
= para-aminosalicylate 
P = parturition 
H = hemoptysis 


Sp 


cavity on roentgenogram; no bacteriologic result known 
spread on roentgenogram; no bacteriologic result known 
R resistant to streptomycin 


A-P = artificial pneumothorax induced in a streptomycin case 
L = lobectomy 
Results as available on December 31, 1951 


a positive result were therefore nearly one and one-half times as great in the 
latter as in the “controls.” In table 4 it may be seen that by the end of the 
first three months, during which time examinations were relatively evenly 
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divided, the number of cases in which cultures for M. tuberculosis had become 
negative was no greater among the streptomycin series than among the con- 
trols. Subsequently the preponderance of cases showing positive cultures for 
M. tuberculosis among the streptomycin series had less significance because of 
the greater number of samples examined. By the end of two years, cultures 
positive for M. tuberculosis were obtained from an equal proportion of cases in 
each series. 

Immediate effect of streptomycin: The immediate effect of streptomycin ad- 
ministration was much more obvious when weekly instead of monthly reports 
were studied. At the end of the first course, sputum smears showed diminution 
or absence of organisms in every case, and cultures had become negative for 
tubercle bacilli in half of the cases. Reversal of infectiousness continued after 
administration of the drug had ceased until no more than 2 of the 18 cultures 
tested ten weeks after the beginning of therapy were positive for M. tuberculosis. 


TABLE 4 
COMPARISON OF THE NUMBERS OF Cases IN Wuicn ONE oR More CuLtTuRES POSITIVE FOR 
Tusercie Bacitur Were Founp at Various Times From First TREATMENT 


BETWEEN THIED BETWEEN SIXTH BETWEEN ONE 
AND SIXTH MONTE AND AND TWO 
MONTES ONE YEAR YEARS 


AT END OF 
THIRD MONTH 


Total |Positive Total |Positive Total 


Positive Total | Positive 


Number of cases 


“Control” 18 4 18 8 
Streptomycin-treated ¢ 5 19 10 


Number of cultures 


“Control” 210 82 79 68 16 59 
Streptomycin-treated. . 207 94 | 169 38 | 125 29 90 11 


Comparison with ‘controls’? showed that a corresponding reduction in positive 
cultures had taken place, only 4 of 16 remaining positive for tubercle bacilli at 
this time. From the tenth week, if no further streptomycin was given, the number 
of cultures positive for M. tuberculosis slowly increased. This was an additional 
reason for giving the second course in the tenth week. Moreover, appearance of 
these positive cultures made it hard to withhold therapy until the result of the 
drug-sensitivity test was known, as concurrent deterioration in the patient’s 
condition was sometimes observed. Nevertheless, at this stage the rule was 
rigidly observed and eventually had its reward in the knowledge thereby ob- 
tained. 

The most striking difference between figures 1 and 2 is the relatively small 
amount of active treatment required by the streptomycin-treated patients to 
achieve results apparently equivalent to those obtained with two or more years 
of continuous collapse therapy. One of the most significant findings of the whole 
study was the infrequency with which drug-resistant strains of tubercle bacilli 


17 5 15 4 
18 7 15 4 
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were isolated from the streptomycin-treated cases. All positive cultures were 
tested for drug sensitivity, and comparable studies from the ‘control cases’ 
formed a background where the degree of variation might be judged. In these 
studies of the ‘“‘control cases,’”’ sensitivity tests of 128 cultures from different 
samples were made. The minimal inhibiting concentration varied between 0.25 
and 0.8 y per ml. or 0.4 to 1.8 times the drug resistance of the strain H37Rv 
which was tested simultaneously. In individual patients the widest range was 
similar: 0.3 to 0.8 y per ml.; but usually it remained within a twofold variation. 

Among the streptomycin series, one patient produced strains resistant to 
5,000 y per ml. within the second half of the four weeks during which he received 
his first course of treatment and at a time when a cavity with fluid level had 
become apparent. Two others discharged tubercle bacilli which showed evidence 
of decreasing sensitivity. In one patient, the sensitivity of the strain isolated 
decreased from 0.5 to 2.0 y per ml. (or four times the resistance of H37Rv) 
during her second course, and decreased twofold during the interval following 
it to 5.0 y per ml. (ten times the resistance of H37Rv). This occurred at a time 
when a cavity became manifest, but no further decrease in the drug sensitivity 
of her cultures occurred during her final course of streptomycin, during which 
her sputum became negative for VM. tuberculosis and remained so for the follow- 
ing six months. Later, another ‘positive’ culture, which appeared while she 
was undergoing collapse therapy, was still inhibited by 5 y of streptomycin 
per ml. From the gastric washings of the other patient, obtained ten months 
after her third course of streptomycin, a culture was isolated which was sen- 
sitive to only 10 y per ml. 

In the remaining 14 patients from whom M. tuberculosis could be cultured, 
no strains which required more than 1.0 y per ml. for inhibition were found 
among 151 separate cultures. These findings are summarized in table 5. 

Some of the positive cultures appeared only many months after the course 
designated and the time the sensitivity tests were done had no special relation- 
ship to the time after the treatment was completed, but depended on the occa- 
sional appearance of colonies on the culture medium; there were seldom many, 
except in the first six months of treatment; and they often appeared late on the 
culture tube. 

Four patients in the series did not receive another course of streptomycin 
despite the fact that the bacteriologic findings indicated that they still harbored 
drug-sensitive tubercle bacilli. In 3 of these 4 patients, more obvious signs of 
activity developed later and provided the necessary stimulus for further strepto- 
mycin administration. 

One patient (Case 36, figure 2°), who had only one course of streptomycin, had 11 succes- 
sive negative cultures of his sputum, including a ‘‘negative’’ guinea pig inoculation test, 
during the following ten months. Nevertheless, near the close of the first year of observa- 
tion and at a time when the roentgenographic report indicated that calcification was pro- 
gressing and the result satisfactory, a single specimen gave culture positive for M. tuber- 
culosis and a guinea pig inoculation test was also ‘‘positive.’’ As no other sign of reactiva- 
tion was found, streptomycin was withheld. During the subsequent year, he married and 


5 Patients are described by case numbers in order to facilitate reference to the charts. 
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started to work, but remained thin and his complexion was poor. At the end of the second 
year he had an hemoptysis and subsequently, when bacteriologic examinations were made, 
cultures positive for tubercle bacilli were obtained. This patient has since had two courses 
of streptomycin but, unfortunately, they were fifteen weeks apart. Nevertheless, at the time 
he was last observed, four years after he was first seen, he had had three successive cultures 
negative for tubercle bacilli, was in good health, and was working full time. 


TABLE 5 
MINIMAL INaIBITING CONCENTRATION OF STREPTOMYCIN FOR STRAINS OF MYCOBACTERIUM 
TusercuLosis IsoLtatep ArrerR Separate 28-Day Courses or STREPTOMYCIN ALONE 
To 19 PATIENTS 
(Micrograms per Milliliter Required to Inhibit Growth Completely 
in Dubos-Davis Medium) 


AFTER FIRST 


CASE NUMBER ‘ Iss! ¥ SECOND 
OUBSE 


5,000 
0. 
0.5 
0 
0 


19 
20 
21 


»” 


37 


Number found posit 
for M. tuberculosis 


* = changed to collapse therapy with or without streptomycin and PAS. 
t = changed to streptomycin and PAS (after one year in case 22; after two years in 


cases 26 and 29 
N.D. = not done 
= no positive culture obtained after last course 


UK = unknown 
Blank spaces indicate no further courses of streptomycin given. 


In Cases 30 and 29, isolated cultures positive for tubercle bacilli appeared eight and 
} PI 


twenty-four weeks, respectively, after their last course of streptomycin. 
In Case 30, repeatedly ‘‘positive’’ sputum cultures, with acid-fast bacilli also appearing 
in smears, were not demonstrated until nineteen weeks later. The patient had two further 


courses of streptomycin during four months, and remained free of ‘‘positive”’ cultures for 


the following twelve months, the last cultures being negative for tubercle bacilli on guinea 


pig inoculation 
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The other patient (Case 29) appeared to be well on the way to recovery after an ischio- 
rectal abscess, from whose walls sections typical of tuberculous granulation tissue were cut 
and tubercle bacilli cultivated. She was active in her house, symptomless, and devoid of 
sputum, and cultures of laryngeal swabs were ‘‘negative”’ for six months when a specimen 
of sputum was obtained in which tubercle bacilli were demonstrated on film and in culture, 


TABLE 6 
ROENTGENOGRAPHIC CHANGES 


NUMBER OF CASES 
ROENTGENOGRAPHIC CONDITION BEFORE TREATMENT 
Streptomycic 
treated 


ontrol 

Site 

Apical lesions 

Upper lobe lesions, below clavicle 

Mid-zone lesions 

Apex and mid-zone 

Apex and base 

Basa! lesions 


Total 


Number of lesions 
Single focus 
Two foci, one side 
Two foci, bilateral 


Total 


Type of lesion 
Exudative 
Exudative superimposed on fibrosis or scarring 
Consolidation 
Infiltration 
Various, described as “‘increased density’’ or ‘‘mot 
tling’’ 
Total 
With cavitation 
With fluid 


* One with scarring 
t Includes those described as small areas of breakdown, recognized as cavities in tomo- 


graphs. 


Unfortunately, this patient’s sputum was not examined again for seventeen weeks, nor was 
she given any streptomycin. At the time of this examination, her sputum was found to be 
repeatedly positive for tubercle bacilli. A sixth course of streptomycin, to which was added 
sodium para-aminosalicylate, resulted in cultures negative for tubercle bacilli during the 
following eight months 
Another patient (Case 35) appears to have been able to dea! with his tubercle bacilli for, 
ilthough thin, he has remained well, active, and at work for two and one-half years since 
two colonies of tubercle bacilli were detected at one examination. Cultures negative for 
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tubercle bacilli have since been repeatedly obtained from laryngeal swabs, though there has 


been little clearing of the apical shadows. 
£ if 


Roentgenographic Course During and After Therapy 


The roentgenographic diagnosis of tuberculosis was initially made on the ap- 
pearance of the lungs in anteroposterior films. Taken as a whole, there was no 
gross difference between the two series. In table 6 may be seen the description of 
the findings as made in the radiologists’ reports. 

Much attention was paid to the examination of serial roentgenograms, which 
are usually considered to provide the most important indication of progress. 
Unfortunately, the type of treatment given to the ‘“‘control cases” precluded a 


TABLE 7 
COMPARISON OF ROENTGENOGRAPHIC APPEARANCES AT DIFFERENT INTERVALS WITH 
APPEARANCES AT THE BEGINNING OF TREATMENT 


Number of Cases 


TOTAL DETERI NOT 
Tl re ENT UNC A ; 


At end of 3 months 
“Control” 
Streptomycin-treated 
to 6 months 
“Control” 
Streptomycin-treated 

} months to one year 
“Control” 
Streptomycin-treated 
years 
“Control” 
Streptomycin-treated 


* 2 not strictly comparable. 
t Of the 6 streptomycin-treated cases excluded, 5 had had their treatment changed and 


one had left the district. 


fair running comparison, for changes were much more readily detected in the 
expanded lung of the streptomycin-treated cases than in the collapsed lung of 
“controls.” Frequently the radiologist, in spite of every effort, was unable to 
decide whether or not any change had taken place in the “controls.”. An ap- 
proximation is given in table 7 based solely on the radiologists’ reports, as 
they seldom saw the patients and were unlikely to be influenced by personal 


factors. 

The dramatic changes seen by other workers in acute exudative or miliary 
tuberculosis were seldom seen in these minimal lesions and, when observed, 
could be paralleled by similar though less rapid changes in “control cases.” 
Gradual changes were more common and often little difference was noted in the 
roentgenographic appearance of apical lesions on admission and one to two 
years after treatment first began, in spite of the patients’ steady progress back 
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to health and full-time work during this period. No roentgenographic change 
was noted in 4 cases, previously described, for some months after a culture posi- 
tive for M. tuberculosis had been obtained from a laryngeal swab. One of these 
patients, in the absence of further streptomycin treatment, after a ‘“‘positive”’ 
culture in the thirteenth month subsequently had an hemoptysis, signs of exten- 
sion of the lesion, and the persistent discharge of bacilli in the sputum until 
two more courses of streptomycin were given (Case 36). 

The fluctuations between deterioration and improvement from period to 
period among the streptomycin series are evidence of the difficulty of interpret- 
ing progress in these minimal lesions but may also indicate that an early spread 
of disease may be quickly controlled by streptomycin. One patient, in whom 
spread of disease was reported from observation of a film taken at Willesden 
Chest Clinic, was put to bed and given a course of streptomycin. When this 


TABLE 8 
BLoop EXAMINATIONS BEFORE TREATMENT 


Number of Cases 


ERYTHROCYTE LYMPHOCYTE- 
SEDIMENTATION MONOCYTE 
RATE* RATIO? 


100 or , 90:10 or 
<10 mese <100 more <90:10 


““Control”’ 
Streptomycin-treated 


* Westergren, read at one hour. 
+ 2 in each series unknown. 


patient was re-examined one month later on her reporting to the Central Middle- 
sex Unit, the radiologist reported no change in the shadow compared with that 


in the roentgenogram taken five months previously. 

It is unfortunate that the premature end of the investigation has prevented 
comparison with the ‘“‘control” series after expansion of the patients’ lungs. 
Comparison of the roentgenographic appearances on admission and after one 
year, however, showed that 9 of 16 streptomycin-treated patients and 3 of the 
16 “controls” had shown improvement in their lesions, and 3 streptomycin- 
treated and 4 “‘control’”’ patients had shown progression. Nevertheless, these 
results in the streptomycin series did not warrant any relaxation of vigilance in 
the observation of patients for any indication of renewed activity and for con- 
sequent treatment. 

At the end of two years, though fewer cases were available for study, the 
proportion showing improvement had risen. A few more years, however, would 
have been necessary to make certain that the improvement was permanent. 
Throughout the two years, cavities other than those seen on admission had 
become visible in 6 “control” and in 4 streptomycin-treated cases. 
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Hematologic Studies 


In table 8 the results of blood examinations of patients on admission to the 
hospital are shown. The only marked difference appeared in the concentration 
of hemoglobin, the average being 98 per cent of the normal value in the “con- 
trols” and 88 per cent in the streptomycin-treated patients. 

Erythrocyte sedimentation rate: In both series there was only slight accelera- 
tion in the erythrocyte sedimentation rate. An average increased acceleration 
of 10 mm. per hour during the first course of streptomycin was noted and was 
greatest in patients whose lesions were predominantly exudative. After collapse 
was introduced, on the other hand, there was less change and, in the reverse 
direction, an average retardation of 2 mm. was observed. During subsequent 
courses of streptomycin, acceleration of fall was less noticeable. After a year 


TABLE 9 
Comparison or Bopy Wercur Arter Various INTERVALS WEIGAT ON ADMISSION 


AVERAGE 


>. wv 
TOTAL GAIN OVER 
NUMBER OF wor known | “EIGHT ON 
PATIENTS ADMISSION 


(IN POUNDS) 


At the end of three months 
Streptomyc in-treated 
Between three and six months 
“Control” 
Streptomycin-treated 
Between six months and one year 
*“Control”’ 
Streptomycin-treated 
Between one and two vears 
“Control”’ 


Streptomycin-treated 


there was no significant difference between the series; 8 ‘“‘control”’ and 10 strep- 
tomycin-treated patients still had erythrocyte sedimentation rates of more 
than 10 mm. per hour, but after two years a higher proportion of streptomycin- 
treated patients had normal rates. As tests were carried out on only 9 patients 
of each series, however, not much reliance can be placed on these results. 

Lymphocyte-monocyte ratio: The lymphocyte-monocyte ratio also showed a 
tendency to change during streptomycin treatment, the ratio falling during 
administration and rising again approximately two weeks after therapy had 
been discontinued. During the first year, however, in both series, the ratio had 
risen to more than 90 to 10 in an equal number (10 cases); and at the end of 
two years all of 15 streptomycin-treated patients tested had reached this stand- 
ard, as had all of those tested among the 10 “control” patients. Unfortunately, 
2 “eontrol’”’ patients who had had roentgenographic relapses by this time had 
not been tested during the previous six months or more 
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Hemoglobin concentration: In spite of the fact that 16 streptomycin-treated 
patients had hemoglobin concentrations less than 100 per cent of the normal 
value, in only 3 did the concentration remain below this level at the end of three 
months, and in only one at the end of six months. In none of the 9 patients 
tested after two years was the concentration of hemoglobin less than 100 per 
cent of normal. In the “controls,” 
before treatment were 98 per cent of normal as against 88 per cent in the strep- 
tomycin series, there was less room for improvement. When present, it was 
slower, for 5 of the 9 originally with subnormal values remained so at the end 
of three months and throughout the following two years. 


whose average hemoglobin concentrations 


Changes in Body Weight 


Changes in body weight were also more marked in the streptomycin series. 
The number of patients who gained and maintained an increase over their 
weight on admission to the hospital are shown in table 9. 


General Considerations 


It may be useful to discuss the treatment and progress of the streptomycin- 
treated cases further. Duration of treatment was not limited to any specific 
period but was adjusted to individual requirements, two courses of treatment 
being recommended whenever any sign of activity was found, provided the 
organism, if found, was sensitive to streptomycin in vitro. 


One patient (Case 27), with one of the more extensive lesions of the series, as shown on 
the anteroposterior film, received no more than three courses of treatment, completed within 
ten months. He had remained well and at work, with a gradually clearing roentgenographic 
film and sputum negative for tubercle bacilli, from the end of the last course of treatment 
throughout the remainder of the two years since admission 

In another patient, bilateral apical lesions have, for three years, shown no roentgeno- 
graphic sign of clearing or extending (Case 35); yet he has had two courses of streptomycin 
only, completed within five months, and has been at work, feeling well, without fatigue, 
and with cultures persistently negative for tubercle bacilli for more than two years. 

Cases 29 and 30 (table 5) are particularly instructive because both patients have had re- 
current ‘‘positive’”’ cultures of their sputum between their various courses of streptomycin 
over two and one-half years. In one, a consolidated area in the left mid-zone broke down and 
developed a cavity some weeks after the first course ceased. In spite of great temptation to 
collapse the lung, the attending physician was persuaded not to do so. The patient has now 
had six separate courses of treatment; her sputum has lessened or disappeared after each 
course and has temporarily become negative for tubercle bacilli. The cavity has steadily 
diminished in size, recession of the shadow being demonstrable by roentgenographic exam- 
ination. After the first year, she showed no sign of ill health and put on considerable weight, 
her continued infection being a greater source of concern to her medical advisers than to 
her. At present, three years from the time of admission, her sputum is slight, watery, and 
free from tubercle bacilli six months after her last course of streptomycin and first course 
of PAS. 

The other patient, a man of forty and an inveterate smoker not readily submitting to 
discipline, had shadows suggestive of ‘‘multiple small cavities in the right apex.’’ Repeated 
courses of treatment, each after tubercle bacilli had reappeared in the sputum, appear to 
have maintained him in a state well enough to permit him to continue smoking and to return 
to work after the first sixteen months, and his sputum has been reduced to an almost neg 


| 
| 


564 ETHEL FLOREY 


ligible quantity. Roentgenographically, he has shown slow improvement for more than three 
years, and no culture positive for tubercle bacilli has been obtained during the past twelve 


months 


When present at all, the amount of sputum was not great in any case nor was 
it necessarily related to the extent of detectable cavitation. One patient with a 
hardly recognizable shadow (Case 37) was coughing up sputum with readily 
identified acid-fast bacilli in each field and confluent growth in cultures. Only 
two courses of streptomycin were required to rid her sputum of demonstrable 
tubercle bacilli, and it has remained free for more than three and one-half years 


General Summary of Results 
The differences between the two series at the end of two years can be sum- 
marized as follows: 


Among the 18 control patients: 
3 had not been followed sufficiently long to be reported on (Cases 1, 2, and 3). 
Of the remaining 15 
5 still showed signs of active infection, namely, roentgenographic evidence of spread 
to the opposite side in 3 (Cases 6, 7, and 10); extension of the area involved in one 
(Case 16); cultures of sputum positive for M. tuberculosis in 3 (Cases 6, 11, and 16); 
2 were not tested 
9, although not showing signs of activity, were still undergoing active treatment by 
collapse therapy 
One had discontinued collapse therapy, and the disease was considered to be quiescent 
(Case 8). 


Among the 19 streptomycin-treated patients: 
5 had not been followed for sufficiently long or had had collapse and PAS added to strep- 
tomycin treatment, invalidating their subsequent progress for the comparison (Cases 
20 through 24 
Of the remaining 14: 
4 still showed signs of active infection requiring further treatment, namely, roentgeno- 
graphic deterioration on the same side in 2 patients and possibly in one other (Cases 
29, 36, and 26); hemoptysis in one (Case 36); cultures of sputum positive for M. 
tuberculosis in 4 patients (Cases 26, 29, 30, and 36). 
One started to discharge drug-resistant organisms within four weeks of starting treat - 
ment, and streptomycin was discontinued in favor of collapse (Case 19). 
2 still required active treatment as a precautionary measure after parturition (Cases 
32 and 33 
7 other patients were considered to have quiescent lesions. This conclusion was con- 
firmed by subsequent follow-up for one year or more in 6 of the last 9 cases (Cases 30, 
31, 33, 34, 35, and 37 


Disadvantages met during the conduct of the cases were as follows: 


In “‘controls’’: Persistent fluid over the greater part of the two years was encountered in 
4 patients; failure of collapse therapy to achieve its mechanical purpose was encountered 


in 2 patients; slower improvement in general health, as manifested by steady increase in 
weight and regaining of normal hemoglobin, was noted in comparison with streptomycin- 


treated cases 

In the streptomycin-treated cases: Relapses, roentgenographic or bacteriologic, occurred 
in 6 patients during the second year of the study. All of the 3 so treated were easily con- 
trolled by one or two courses of streptomycin alone. There was, however, no appearance of 


STREPTOMYCIN IN MINIMAL TUBERCULOSIS 565 


fluid and no spread to the opposite side was seen. Both erythrocyte sedimentation rate and 
lymphocyte-monocyte ratio in active cases showed a more marked reaction when under 
the influence of streptomycin than in “‘controls.’’ The significance of this phenomenon is 
not known. 


DISCUSSION 


Although the results reported here show many gaps and give indication of un- 
necessary changes of treatment, they may well be the only results which will 
ever be reported on the treatment of minimal tuberculosis by streptomycin alone 
and initial bed rest. Though the period of follow-up is short, it appears to be 
the best that can now be attained. 

The method of treating the “control” series has not been critically appraised, 
for, although all workers may not agree that collapse therapy is always the ideal 
method of treating minimal lesions, it has great merits when minor and ques- 
tionable cavities are so frequently found and rest in bed and full sanatorium 
care are not available to all. Moreover, its practice had become in this Unit a 
well-established routine and has the support of a prolonged study by Paine (12). 
The progress of these patients was simply regarded as a standard against which 
progress made following the newer therapy might be measured. 

Comparison with the prognosis of active minimal lesions in Great Britain 
studied in the Prophit Survey (13), few of which were treated by collapse, 
indicates that both methods of treatment adopted in the investigation here 
reported have produced more favorable results than those followed for a com- 
parable time in the Survey. Twenty-three of the 68 cases (34 per cent) in the 
Survey were found to have deteriorated roentgenographically within the first 
two years of observation. Five patients died, and 16 subsequently showed 
evidence of cavitation. In the present study, the 9 patients with progressing 
lesions (31.0 per cent) were not seriously ill and at no time appeared to be ap- 
proaching death. 

A particularly interesting finding in the streptomycin-treated series was the 
low incidence of the emergence of drug-resistant tubercle bacilli in the cases of 
minimal tuberculosis which were treated with streptomycin. Possibly this is 
characteristic of the type of lesion, as was suggested by Howlett, O’Connor, 
Sadusk, Swift, and Beardsley (3) who found that resistant tubercle bacilli ap- 
peared less frequently in lesions when caseation and cavities were absent than 
when they were present. Certainly, the one patient in whom highly resistant 
strains of tubercle bacilli emerged had a cavity and fluid, as did also the second 
who discharged bacilli which showed some lessening of drug sensitivity. No 
claim is made that the method of treatment accounts for this, but it was de- 
signed to detect any signs of emergence of resistant strains of M. tuberculosis 
before it had gone far, and was based on the original finding by Pyle (14). She 
cultivated on solid media successive samples of sputum from patients before, 
during, and after they had received courses of streptomycin. Thereby she de- 
tected in the samples of sputum a variety of organisms of different degrees of 
drug resistance and in different proportions, the proportion of resistant strains 


| 


566 ETHEL FLOREY 


usually growing as treatment continued. The same phenomenon was reported 
by Wolinsky, Reginster, and Steenken (18) who observed, further, that very 
occasionally in serial cultures, i.e., from 2 of their 145 patients, organisms re- 
verted to full drug sensitivity three months after a fourth course of streptomycin 
had been discontinued. 

It was this knowledge that led to the plan of treatment outlined here. It was 
thought that the more drug-sensitive tubercle bacilli, if still present and given 
sufficient time, might replace the more resistant ones (14, 18), and it was hoped 
that, after four weeks of treatment, it would be legitimate to withhold strepto- 
mycin for a sufficient length of time in a not very serious stage of tuberculosis 
for the possibly mounting proportion of drug-resistant strains to be outgrown 
again by sensitive strains, while the latter were not handicapped by the selec- 
tive action of the drug. Streptomycin might then be reapplied when the pre- 
ponderance of sensitive over resistant strains was at an optimum for therapeutic 
effect. The result seems to have been satisfactory except in one patient, and was 
unknown in 2 others whose treatment was altered after their organisms were 
found to be sensitive to only 5 to 10 y per ml. Moreover, when the type of admin- 
istration described in this study was adopted for 17 patients with more advanced 
pulmonary tuberculosis than those described in the present paper, the tubercle 
bacilli isolated were still sensitive to streptomycin after four weeks of treatment 
in 16, and in some patients after as many as three to five courses, the length of 
the intervening rest periods depending on the receipt of the results of drug- 
sensitivity tests. 

While these observations were being made, sodium para-aminosalicylate be- 
came available for general use, and the problem of streptomycin resistance had 
consequently become much less serious. It was found, however, in the United 
States (17) and in Great Britain (7) that the addition of PAS reduced but did not 
abolish the phenomenon of the emergence of streptomycin-resistant strains of 
tubercle bacilli during treatment. The findings in the present report show that 
the onset of drug resistance might be reduced still further if minimal lesions 
were treated with chemotherapy and if each course were limited in duration. 

It was a pity that the present observations, during which no more drug- 
resistant strains of tubercle bacilli appeared than might be expected even with 
the addition of PAS to the treatment, were terminated abruptly. Nevertheless, 
inasmuch as the results were not inferior to those obtained by the more “rou- 
tine” procedure of collapse and bed rest, they should encourage more extensive 
work in which streptomycin is combined with PAS or with any other agent 
which may be found that reduces the incidence of the phenomenon of the emer- 


gence of drug-resistant strains of tubercle bacilli. 

The work here described illustrates very well the difficulty of testing any new 
treatment of such a chronic disease as tuberculosis, as there are so many plau- 
sible and sometimes valid reasons for deviating from a regimen or procedure. 
Such deviation makes the value of deductions concerning the effects of any one 
therapeutic procedure almost impossible to assess. It must be borne in mind, 
however, as McCance (4) has remarked, that the physician “may not even 
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know that what he would have regarded as an ‘unjustifiable experiment’ five 
years ago may have become one of his standard diagnostic or therapeutic pro- 
cedures.” 

The position of roentgenograms in the assessment of treatment and progress 
needs some enquiry. It has been studied intensively in the United States during 
the past few years. The difficulty of interpreting them has been emphasized by 
Medlar (8), whose study of 104 minimal lesions found at autopsy led him, as a 
pathologist, to state in 1950: “Neither is it possible to differentiate, by the 
character or roentgenographic shadows, between necrotic foci, non-necrotic in- 
flammatory foci of long duration and scar formation.”’ (9). In experienced hands, 
contradictory interpretations of progress have been obtained in as many as one- 
third of the cases whose films were examined before and after a three-month 
interval (19). This difficulty was fully recognized by the radiologists concerned, 
but so many serial roentgenograms were obtained that progress in one could 
be checked by the appearance in another until it seemed reasonable to assume 
that after two years a fair degree of accuracy in regard to deterioration or im- 
provement might be relied on. Undoubtedly, roentgenograms have come to 
assume a position of prime importance in the routine application of collapse 
therapy, not only for the assessment of progress of the disease, but also for the 
more frequent assessment of the degree of collapse and for the presence or 
absence of adhesions or fluid, with the consequent indication for active meas- 
ures of treatment. When these gross signs govern the mode of therapy, the bac- 
teriologic report may be of secondary importance for, whether the sputum is 
positive or negative for tubercle bacilli, collapse will be continued for two years 
or more so long as it is producing the required mechanical effect as judged by 
roentgenographic findings. 

When, however, a therapy is adopted which leaves the lung expanded, a very 
different criterion of effectiveness can be used. As long as a lesion communicates 
with a bronchus, microscopic detection of activity by the culture of M. tuber- 
culosis from one of frequent serial laryngeal swabs, occasional sputum, or gastric 
washings would appear to be a much more delicate method of judging whether 
the lesion is becoming quiescent than serial roentgenograms over short intervals 
of time. Moreover, though without collapse the active focus may still be in com- 
munication with the exterior, after collapse of the lung, even when the lesion 
is still active, this may be prevented. This could be deduced from the early dis- 
appearance of cultures positive for tubercle bacilli from patients undergoing 
pneumothorax, and is supported by the microscopic observations of Medlar 
(9). The need for regular and frequent bacteriologic examinations during treat- 
ment thus rests on a reasonable foundation, as well as having been borne out 
in practice. From no fewer than 15 patients, tubercle bacilli were cultured after 
the first course of streptomycin, when few admitted to having any symptoms, 
and roentgenograms did not indicate progression of the disease in more than 4 of 
them. 

The fluctuations in the size of roentgenographic shadows remarked on in the 
Prophit Survey were also a feature of the streptomycin series but, when they 
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were found to diminish regularly after the appropriate administration of the 
drug, their significance became of much less consequence. 

Early second courses were given to all but 2 patients: one whose organisms 
were drug-resistant; and another, early in the series, whose progress in other 
respects at that time was considered satisfactory. Ten patients were given at 
least three courses of streptomycin; yet these courses, while apparently suf- 
ficient in the majority, were not adequate to control the infection in others, 2 of 
whom received as many as six separate courses of treatment. In spite of repeated 
courses no patient, with the exception of the one in whom the drug-resistant 
tubercle bacilli appeared early, failed to respond bacteriologically and clinically 
to each course of streptomycin given him. 

The 4 patients described on pages 557, 558, and 559 in whom the bacteriologic 
warning was not heeded, show how the disease may progress if treatment is not 
instituted promptly. It cannot be too strongly emphasized that tuberculosis 
officers who perform refills with the utmost fidelity on patients undergoing col- 
lapse therapy at fortnightly intervals might equally faithfully arrange for a 
bacteriologic examination at similar intervals on patients being treated by 
chemotherapy. Undoubtedly, it would be useless to adopt streptomycin or other 
chemotherapeutic agents as a more routine form of therapy unless bacteriologic 
control had as prominent a place as has roentgenography at the present time. 


SUMMARY 


A series of 19 patients with minimal pulmonary tuberculosis treated with 
initial bed rest and streptomycin alone has been studied over a two-year period 
concurrently with a series of 18 patients treated with bed rest, 17 of whom also 
underwent collapse therapy. There was no unequivocal evidence that one treat- 
ment produced more rapid or certain control over the infection than the other, 
but there was reason to infer that chemotherapy could be used for minor lesions 
with a reasonable chance of success. 

The main differences in favor of streptomycin were: no spread of infection to 
the opposite side, while spread of disease occurred in 3 patients who did not re- 
ceive streptomycin; no persistent fluid in the pleural cavity, whereas fluid was 
present in 4 “control cases”; earlier signs of improved health, for example, gain 
in weight and in the concentration of hemoglobin; lessened amount of time spent 
at clinies and, for the doctor, less time spent in giving treatment. 

Against streptomycin treatment was the early appearance of a highly drug- 
resistant strain of tubercle bacilli in one case and strains with reduced drug 
sensitivity in 2 others. All other strains of M. tuberculosis which persisted re- 
mained sensitive to 1 y of streptomycin per ml. throughout therapy, which 
amounted in the aggregate to six months in some patients. 

At the end of two years, in 7 of the 13 streptomycin-treated patients, whose pre- 
scribed treatment had been followed throughout, the lesions had reached quies- 
cence. In one of 15 patients who received no streptomycin, the lesion was known to 


be quiescent. Five patients in each series had active lesions and the remainder were 
still undergoing collapse therapy, if controls, or were being observed, if in the 
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streptomycin-treated series, as the state of activity of their tuberculous lesions 


could not be fairly assessed. 


SUMARIO 
La Estreptomicina en la Tuberculosis Minima 


Una serie de 19 enfermos con tuberculosis pulmonar minima tratada con reposo inicial 
en cama y estreptomicina sola ha sido estudiada durante un periodo de dos afios juntamente 
con otra serie de 18 enfermos tratados con el encamamiento, y 17 de ellos ademas con la 
colapsoterapia. No hubo pruebas absolutas de que un tratamiento obtuviera dominio més 
r4pido o seguro que el otro sobre la infeccién, pero si hubo motivos para inferir que caba 
usar la quimioterapia para lesiones de menor orden con bastantes probabilidades de éxito. 

Las principales diferencias en pro de la estreptomicina fueron: falta de propagacién de 
la infeccién al lado opuesto, mientras que la dolencia se progagé en 3 enfermos que no reci- 
bieron estreptomicina; no hubo derrame persistente en la cavidad pleural, en tanto que lo 
hubo en 4 “‘casos testigos’’; signos m&s tempranos de mejoria, por ej., aumento de peso y de 
la concentracién de hemoglobina; menos tiempo pasado en las clinicas, y en lo tocante al 
médico, menos tiempo gastado en suministrar tratamiento. 

En contra de la estreptomicinoterapia hubo la aparicién temprana de una cepa suma- 
mente farmacorresistente de bacilos tuberculosos en un caso y de cepas menos farmacose- 
sibles en otros 2 casos. Todas las demds cepas del M. tuberculosis que persistieron continuaron 
siendo sensibles a 1 y de estreptomicina por ml]. durante toda la terapéutica, lo cual en al- 
gunos sujetos representé seis meses en conjunto. 

Al cabo de dos afios, en 7 de los 13 enfermos tratados con estreptomicina, en los que el 
tratamiento prescrito habia sido observado constantemente, las lesiones habian alcanzado 
quiescencia. En uno de los 15 que no recibieron estreptomicina, se averigué que la lesién 
estaba quiescente. Los demds, en ambas series, 0 bien tenian lesiones activas 0, en la serie 
“‘testigo”’, recibian la colapsoterapia, de modo que no podia justipreciarse el estado de 
actividad de sus lesiones tuberculosas. 


RESUME 
La streptomycine dans la tuberculose avec lésions minimes 


Une série de 19 malades, présentant des lésions pulmonaires minimes et soumis au repos 
au lit et a la streptomycine, exclusivement, a été étudiée pendant une période de deux 
années, en méme temps qu’une autre série de 18 malades qui ont été traités par le repos au 
lit; 17 de ces malades étaient en outre soumis a la collapsothérapie. Des preuves indis- 
cutables de la supériorité de |’efficacité et de la rapidité d’action d’un des traitements par 
rapport a l’autre n’ont pas été obtenues, mais il y a lieu de croire que la chimiothérapie 
pourrait étre utilisée avec des chances de succés dans le traitement des lesions légeres. 

Les différences principales en faveur de la streptomycine furent: |’absence d’extension 
de l’infection au cété opposé, tandis que |’infection s’est propagée chez 3 malades ne re- 
cevant pas de streptomycine; |’absence d’épanchement persistant dans la cavité pleurale, 
tandis que le liquide était présent dans 4 ‘‘cas témoins’’; des signes précoces d’amélioration 
de |’état général, par exemple |’augmentation du poids et de la concentration de |’hémo- 
globine; une réduction de la durée de l’hospitalisation et, pour le médecin, une économie de 
temps dans le traitement. 

Contre la streptomycinothérapie: l’apparition précoce d’une souche streptomycino- 
résistante de BK, dans un des cas, et de souches présentant une diminution de sensibilité 
au médicament, dans deux autres cas. Toutes les autres souches de M. tuberculosis, qui ont 
subsisté, sont demeurées sensibles 4] y de streptomycine par ml. pendant la durée du traite- 
ment, dont l’ensemble a atteint six mois chez certains malades. 

A la fin des deux annés, pendant lesquelles le traitement prescrit avait été suivi, les 
lésions avaient été stabilisées chez 7 des 13 malades soumis a la streptomycinothérapie; 
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chez un des 15 malades ne recevant pas de streptomycine, la lésion est demeurée stable. 
Les autres sujets des deux groupes ou bien présentaient des lésions en activité ou, dans 
les séries ‘“‘témoins’’, ils étaient soumis a la collapsothérapie, de telle sorte que le degré 
d’activité de leurs lésions tuberculeuses ne pouvait étre déterminé 
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INTRODUCTION 


Much has been written on the relative merits of three recognized technical 
procedures employed in obtaining bacteriologic confirmation of tuberculous in- 
fection in man, viz., smear, artificial cultivation, and animal inoculation. 

While none will question the inferiority of the direct smear (which Corper (4) 
showed to be at least a thousand-fold less sensitive than the guinea pig), even 
when ‘choice particles” are selected, the procedure combines rapidity with the 
ability to detect all but the difficult minority of cases. It must, therefore, remain 
the most simple and practicable laboratory aid in the diagnosis of tuberculosis. 
However, in the “‘smear-negative” case with clinical or roentgenographic signs 
and the clinically resolved case in which a bacteriologic clearance is required, as 
well as in differentiating saprophytic acid-fast bacilli, the slower but more 
selective procedures must be employed. The evidence for and against each of the 
two remaining methods should be considered carefully before following the 
present trend to discard one in favor of the other. 

Currently held views are, for the most part, based on examination of tuber- 
culous exudates in routine diagnostic laboratories. Most of the comparisons 
made could be criticized, not as carefully conducted and recorded observations, 
but rather on the basis of the number of variables involved over which little con- 
trol is possible and concerning which our knowledge is still inadequate. Prominent 
among these are the following: 


(a) Wide variation in the numbers of viable bacilli originally present in the specimens; 
(b) loss of viability and of numbers during digestion which may be as high as 90 per cent 
of the original content, as observed by Freund and Middlebrook (11); (c) selective action 
of digesting agents, such as has been described by Bloch (2), adversely affecting the viru- 
lence of tubercle bacilli but not their ability to grow on media; (d) sampling errors involved 
both in the size of the sample taken respectively for smear, culture, and inoculation, and 
in the statistical scatter of organisms through the specimen; (e) the tendency of slow 
centrifugation speeds to select larger clumps of organisms, leaving single cells and smaller 
clumps in the supernatant fluid; and finally (f) the presence of contaminants not de- 
stroyed during digestion which may either overgrow cultures or in some cases result in the 
death of the animals. 


Each of these variables presents a separate facet of the problem awaiting 
assessment. Meanwhile, different laboratories are employing available means of 
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minimizing their effects, often thereby departing further from circumstances 
which would indicate the true ability of animals and of media to detect small 
numbers of Mycobacterium tuberculosis. 

The development of a simple semi-synthetic medium promoting dispersed 
growth by Dubos and Davis (7), and the adaptation of viable count methods to 
suit the growth requirements of M. tuberculosis by Fenner and others (9a, 9b), 
provided an opportunity te re-examine the question without the influence of at 
least some of the variables mentioned above. The necessity for a cheaper, more 
prolific, homozygous and rapidly maturing experimental animal than the guinea 
pig and one which would develop diagnostic lesions in a shorter period led us to 
consider the mouse as an alternative experimental animal. 

Relatively little consideration appears to have been given to the response of 
the mouse to very small infecting doses of tubercle bacilli (13, 25); and it is ob- 
vious that, if the mouse is to be of use in diagnosis, it must possess tangible 
advantages over the guinea pig. The mouse must be at least as sensitive and 
present lesions readily recognized macroscopically and capable of confirmation 
by more specific means. Also the method of inoculation must be technically 
simple, not likely to produce a greater degree of dissemination of tubercle bacilli 
through the animal house than the infected guinea pig and, at the same time, the 
dose of concentrate administerable must not be too restricted. 

Pierce and her co-workers (25) report that the most constant and typical 
lesion of experimental mouse tuberculosis, regardless of the portal of entry, is the 
grayish, circumscribed gelatinous tubercle occurring in the lungs. On the as- 
sumption that maximal concentration in the lungs of the bacilli present in the 
inoculum would be achieved by intranasal instillation, the present writers fa- 
vored this route. Milzer and Levine (23) and Milzer (24) found the subcutaneous 
and intraperitoneal routes, previously shown to be relatively insensitive by 
Lange (19), and Pierce, Dubos, and Middlebrook (25), to be unsuitable even when 
mucin was added to the concentrates and, accordingly, they were not included 
in the present studies. Pierce and her co-workers (25) concluded that the intra- 
cerebral route was sensitive to tuberculous concentrates. It is not practicable, 
however, because of the susceptibility of the cerebral tissues to toxic factors in 
some concentrates, apparently independent of the presence of tubercle bacilli. 
The small volume admissible by this route is another contraindication to its use, 
but it was included in the present experiments to determine the sensitivity of 
mice to pure cultures via different portals of entry. The intravenous route has 
been adapted successfully to chemotherapy experiments by Youmans and Ra- 
leigh (28) and by McKee and co-workers (21). Lange (18), who made the first 
detailed studies of this route noted, however, that the results were variable, even 
with the same dose. Although the intravenous route seems to offer a less di- 
rect passage for tubercle bacilli to the lungs and, in the writers’ opinion, is less 
readily performed than intranasal inoculation on the pigmented strain of mice 
which it was intended to use, the intravenous route was also included for com- 
parison. As a preliminary step it appeared advisable to compare the relative 
susceptibility of approved cultural methods, guinea pig inoculation, and mouse 
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inoculation, using diminishing doses of organisms which had not previously 

been subjected to treatment which may or may not interfere with the ability of 

M. tuberculosis either to grow on artificial media or to infect experimental animals. 
The present report deals with the results of the comparison 


EXPERIMENTAL METHODS 
Vedia 


As a precaution against contamination with fatty acids and other toxic substances, all 
glassware was acid-washed 

T'ween*-albumin fluid medium: This medium, described by Dubos and Davis (7), has 
been used in this laboratory with success since that time for studies requiring dispersed 
growth of Mycobacteria 

Oleic-acid-albumin agar (OAA): This medium, devised by Dubos and recommended by 
Fenner and his co-workers (9a, 9b) has been used as the standard medium for viable unit 
counts. It has been found to be convenient and economical to use a two-layer plate with a 
saline-agar base onto which the OAA medium is poured to give a good depth of medium. 

Modified Lowenstein medium: The preparation of this medium, which has been used for 
cultural examination of suspected tuberculous material in the Public Health Laboratory 
of Victoria since World War II, when certain ingredients normally included were unob 
tainable, is as follows 
3.2 gm. 
OS gm 


Potassium di-hydrogen phosphate 
Magnesium citrate 
Ferrous sulfate 0.32 gm 


Bacto asparagine 48 gm. 
Glycerol A.R 48.0 ml. 


Distilled water 800.0 mil. 


These ingredients are steamed to dissolve (fifteen to twenty minutes) ; cooled to 
50°C. or less, and 1.2 liters of well-beaten whole egg added. After addition of 20 ml 
of a 5 per cent solution of malachite green, the medium is filtered through gauze, 
distributed in 6 ml. quantities in screw-capped bottles of 30.0 ml. capacity, and 
inspissated at 90°C. in a sloping position on three successive days. The initial 
period is for one hour; the others for twenty minutes. 


Maintenance of Strain 
Following recovery from an experimentally infected guinea pig, a reserve stock of 
lyophilized ampoules of strain H37Rv was prepared, using the apparatus devised by Gray 
(14). A fresh ampoule was opened after each eighth transfer so that the chances of alter- 


ation in virulence were minimized. 


Inoculation Cabinet 
The need to protect laboratory personnel from airborne organisms (27) led the present 
writers to carry out all manipulations behind glass and under ultraviolet light in a cabinet 
fitted with an exhaust fan. The discharged air passes through a glowing electric grid to 
destroy suspended organisms and then into a chimney communicating with the outside air. 


Masks are worn for added protection. 
Experimental Animals 


Mice: The mice used belong to the C57 black strain from the Roscoe Jackson Memorial 
L. aboratory (introduced into Australia in 1947 by Rubbo and since maintained as a pure 


7p ropriets ury name of the polyoxyethylene derivative of Sorbitan monooleate, Atlas 


Powder Co., Wilmington, Delaware 
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line). Comparisons were made with multicolored mice from the Walter and Eliza Hall 
Institute strain, maintained by careful outbreeding since 1926, and with an albino strain 
from the writers’ laboratory which has been inbred as a closed line for the past ten years. 
The average age at the time of infection was six weeks and the average weights 17 to 20 
gm. for the C57 strain and 20 to 25 gm. for the other two breeds. The animals were fed on 
a balanced dry cereal mixture with vitaminized oil and green feed supplement. A note is 
made in the text in regard to those experiments in which, in view of the reports of Dubos 
and Pierce (8) and of Milzer and Levine (23) that animals appear more susceptible on a lower 
nutritional plane, changes were made to a deficient diet at the time of inoculation. 

Guinea pigs: These animals, of a strain maintained as a closed line for many years, were 
fed on the same over-all diet as the mice, and any deviations have also been noted. Their 
average weight at inoculation was 300 gm. The period of observation is indicated in each 
experiment. 

Counting Technique 


It was obvious from the beginning that accurate viable-cell counts could not be obtained. 
As it was not desired to risk damaging the individual organisms to a degree which might 
influence their relative ability to grow in vivo and in vitro, grinding and the use of ballottini 
were avoided as means of obtaining greater dispersal. In view of this, it seems wise to 
follow the suggestion of Fenner (9) to refer to ‘‘viable units’ rather than ‘‘viable cells.” 
That these units are relatively stable to dilution procedures was shown by Fenner and 
largely confirmed by the present writers’ own observations. 

No attempt was made to determine the total bacterial count of the cultures. Having 
no means of determining whether individual organisms seen in a Helber chamber are living 
or dead, this appears to have little bearing on the problem, although the selection of twelve 
day cultures possibly maintained a reasonably close ratio of total to viable numbers. 

The ‘‘viable unit’’ count is based on the technique of Miles and Misra (22), with minor 
modifications by Gray (15). Standard (33 drop per ml.) dropping pipettes were used; these 
were rinsed five times in boiling water and cooled in sterile Ringer solution in preference 
to changing pipettes. Thus, the same pipette was used for making all the dilutions for the 
intranasal instillation of mice and for measuring the corresponding guinea pig doses, all 
of which were carried out consecutively. The diluent chosen was Dubos Tween-albumin 
medium. 

The medium used for counting was oleic-acid-albumin agar with comparisons on modified 
Léwenstein medium. The plates were dried, open, in the incubator for two hours prior to 
sowing to ensure rapid absorption of the drops of inoculum and were finally sealed with 
clear cellulose tape to prevent evaporation. Colonies were counted after three weeks and 
checked after four weeks at 37°C., using an illuminated counting apparatus which gave 
8 times magnification of the colonies. 


Size of Inocula 


Apart from the earlier experiments in which, because the response of the mice could 
not be anticipated, a wide range of inocula was adopted, an attempt was made to ad- 
minister closely spaced doses of which the lower dilutions contained sufficient organisms 
to produce diagnostic lesions and the higher dilutions were free of infective units. This 
was not always successful, but the results obtained were usually clear cut, so this failure 


is perhaps of no great moment. 

Because it was desired to have the dose suspended in a volume of 0.06 ml. (the mouse 
intranasal volume), dilutions of the culture were made as follows: After diluting the original 
culture 1 in 6, so that 0.06 ml. contained 0.01 ml. of original culture (10~*), serial dilutions 
(usually tenfold) were then made and designated 10-*, 10~*, et cetera, representing that 
fraction of the number of organisms in 1 ml. of culture contained in 0.06 ml. of any given 
dilution. Thus, a mouse receiving the 10~* dilution was given approximately one millionth 
of the viable units contained in 1 ml. of the culture. The counts were made from series of 
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single drops (0.03 ml.) of each dilution immediately before the animal infections were 
commenced. When mice and guinea pigs were inoculated with the same dilutions or when 
the intravenous route was used in mice, the volume was increased by diluting one-tenth 
to give an easily handled inoculum of 0.6 ml. 


Route of Inoculation 


Guinea pig: The standard route adopted in the Public Health Laboratory procedures 
was used, i.e., deep intramuscular inoculation in the left thigh. 

Mice. Intranasal route: The method of Burnet and Timmins (3) was performed in the 
inoculation cabinet. The inoculum, suspended in a volume of 0.06 ml. (2 drops of a standard 
33-drop pipette), was delivered onto the nostrils of the animals under ether-chloroform 
anesthesia. Any animal failing to inhale the inoculum completely and evenly was destroyed 
As, in most instances, the experiments have required the administration of a number of 
different dilutions of culture, the practice was adopted of using the same pipette for any 
given series. Starting at the highest dilution, the inside of the pipette is thoroughly wetted 
with each dilution before instillation is commenced. The cages of inoculated animals were 
left in the cabinet under ultraviolet light for one hour until the estimated immediate danger 
period of return of organisms from the respiratory tract to the air was past (27). The risk 
of cross-infection was assessed by including suitably marked uninoculated controls with 
those animals receiving the largest intranasal dose. 

Intravenous and intracerebral inoculations were carried out in the usual manner. 


Recognition of Infection 


The pathological picture of tuberculosis in guinea pigs inoculated intramuscularly needs 
no comment. In the mouse the obvious diagnostic lesion is the circumscribed gelatinous 
tubercle occurring in the lung. Contrary to expectations, tubercles are seldom invisibly 
located in the lung parenchyma and, when present, are readily detected. 

It was found that while the lesions in the C57 strain tended to remain as 
discrete tubercles when moderate to small doses were given, and therefore were readily 
recognizable, with the multicolored and Albino strains a different pathology was presented. 
In the latter two, although initial infection with a given dose of small magnitude was less 
certain, the lesions, once established, tended to spread and coalesce, involving whole lobes 
in a general pneumonic consolidation which was less characteristic and, therefore, less 
readily differentiated with the naked eye from another pneumonic process which was 
encountered in one or two animals due to Pasteurella pneumotropica (16, 17). The yellowish 
abscesses seen in this condition which do not resemble the lesions produced by M. tu- 
berculosis are not likely to be confused with them. 

Microscopically, the findings in the present studies are in general agreement with those 
of Gerst! and Thomas (12), viz., that the microbial population of the tubercles varies from 
mouse to mouse and with the age of the lesion. At two weeks, with large doses, the field is 
usually packed with acid-fast bacilli but these diminish until at nine or ten weeks, or even 
earlier, bacilli are hard to find even by cultural methods. But, inasmuch as the mouse ap- 
pears to have developed its diagnostic lesions within three weeks of inoculation, this is 


probably of no great importance diagnostically.‘ 


‘ Experiments now in progress to test the reliability of direct smear for confirming the 
tuberculous nature of typical lung lesions in mice suggest that this method may miss some 
cases when the inoculum is small. Following intranasal inoculation with NasPQ, concen- 
trates of sputum ‘“‘negative’’ on smear (and occasionally by culture), it has been found that 
an appreciable proportion of typical lesions contain no acid-fast bacilli detectable with 
Ziehl-Neelsen staining at three weeks. Some of these results became positive with fluores- 
cent staining, and an additional number, with culture or by confirmation from guinea pigs 
inoculated with the concentrate. Therefore, some rapid confirmatory test other than direct 
smear seems necessary. Whether the histopathologic changes observed on frozen sections 
are sufficiently constant for this purpose remains to be studied. 
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Cultural confirmation of the tuberculous nature of the lung lesions may be obtained by 
smearing the cut surface of the lesion onto horse-blood agar and oleic-acid-albumin agar 


plates, with and without added penicillin. 
RESULTS 
Comparison of Selected Routes of Inoculation 


As a preliminary step, upon the result of which would depend subsequent ex- 
periments, it was necessary to demonstrate the most effective route for producing 
diagnostic lesions in the lungs and to ascertain the average number of organisms 
grown under the conditions described above which would give rise to a predict- 
able degree of infection in a large proportion of mice. 

With these objects in view, groups of five C57 mice were inoculated with three 
widely spaced dilutions of twelve-day cultures in Tween-albumin medium by 
each of the selected routes, viz., intranasal, intravenous, and intracerebral. All 
groups were maintained on full diet and the mice were well grown, weighing 20 
to 23 gm. 

TABLE 1 


COMPARISON OF SeLectep Routes or INocuLATION witu M. TusercuLosis H37Rv 
C57 Mice on Drier 


PROPORTION SHOWING DIAGNOSTIC LESIONS AFTER 20 DAYS 
VIABLE UNITS 
PER DOSE 
Intranasal Intravenous Intracerebral 
107! Ca. 500,000 
10 500 
0.5 1/ 


* Two mice in this group died within twelve hours of inoculation 


One mouse in each group was sacrificed at fourteen days and examined for 
“diagnostic lesions.’’ Smears were made from the lungs and other organs, and 
cultural confirmation was obtained by sowing selected tissues onto blood agar 
and OAA medium containing 100 units of penicillin per ml. The remaining ani- 
mals were sacrificed on the twentieth day and examined principally for ‘“diagnos- 
tic lesions” in the lungs. Table 1 shows the results of the over-all experiment. 

Despite the wide spacing of dilutions used, the superiority of the intranasal 
over the other routes is indicated. Mice inoculated by the intracerebral method 
showed a numerical inferiority, in not only tendency to develop “diagnostic 
lesions,” but also in the number of lung tubercles whith developed. There were 
fewer tubercles in their lungs than in those of mice inoculated intranasally with a 
dose one thousand times smaller. The intravenous group occupied an interme- 
diate position. 

The distribution of lesions and of tubercle bacilli in those mice sacrificed at 
fourteen days was as follows: 

The intranasally infected mouse which received 500,000 “units” showed hepatization of 


approximately 40 per cent of the lung tissue with many well-defined but closely approxi- 
mated tubercles. Microscopically, the cut surface showed packed acid-fast bacilli in all 


my 
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fields and yielded a pure, heavy culture of M. tuberculosis. The spleen was normal in size 
and appearance, no acid-fast bacilli were detected in a ten-minute search, and cultures 
produced only a few colonies, indicating little escape of inoculated organisms into the 
blood stream up to this stage. The counterpart mouse which received 500 “units’’ intra- 
nasally showed approximately 25 small but readily detected lung tubercles found to con- 
tain acid-fast bacilli, while spleen smear and culture were negative. The remaining mouse 
was negative on all counts. 


The intravenously infected mouse (large dose) showed approximately 30 lung 
tubercles confirmed on smear and culture. The spleen, however, was grossly en- 
larged but not otherwise visibly abnormal. Large numbers of acid-fast bacilli 
were seen in a stained smear and confirmed as tubercle bacilli by culture. The 
smaller dose by this route caused no lung lesions, but the spleen was enlarged 
and infected while the remaining mouse was completely negative. 

Intracerebral inoculation with the large dose failed to produce lung lesions 
detectable at fourteen days. The outstanding gross lesion was the enlarged 
spleen. Smear and culture revealed numerous bacilli in the brain and spleen. Lung 
smears were negative for acid-fast bacilli, but a few colonies appeared on culture. 
The smaller dose caused brain and spleen infection but had not reached the 
lungs, while the last animal appeared to have escaped infection. The picture on 
the twentieth day confirmed and extended these findings. 

Taken in conjunction with the over-all finding, the intranasal route appeared 
to be the most satisfactory method of inducing lung lesions at both dose levels, 
but to bridge the wide gap between doses a second experiment was carried out, 
this time omitting the intracerebral route. Because concurrent experiments to 
be reported later seemed to confirm the findings of Dubos and Pierce and of 
Milzer and Levine that a lower plane of nutrition after infection induced greater 
susceptibility, the diet was reduced to water plus dried cereal pellets known to 
be inadequate alone for guinea pig nutrition. The upper limit of dose was planned 
to be in the vicinity of 5,000 units and tenfold dilutions followed. The mice 
were sacrificed at twenty-one days and the results appear in table 2. 

At all dose levels from 800 units downwards, the animals in the intranasal 


groups show more numerous lesions. This result leaves no doubt of the superi- 
ority of the intranasal route and it has been used in all subsequent experiments. 
The results of viable unit counts carried out in this instance on oleic-acid—albu- 
min agar medium gave the first indication that artificial media may be less sensi- 
tive than mice on a reduced diet to small doses of pure culture. 


Susceptibility of C57? Mice to Other Acid-fast Bacilli 


\ small experiment was performed to study the reliability of the diagnostic 
lung lesion confirmed by smear alone. Twelve-day cultures of the BCG strain 
and of H37Rv in Tween-albumin medium and a three-day culture of a laboratory 
strain of M. phlei were used. The H37Rv culture was killed by heating to 60°C. 
for one hour. Then all three cultures were brought to a uniform turbidity, using 
an Evelyn photoelectric colorimeter, galvanometer reading 36 with a 660 filter. 
This dilution, a heavy cell suspension, together with another which was one 
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hundredfold less dense, was instilled intranasally into groups of four mice. When 
sacrificed at three weeks, all mice receiving the larger dose of BCG showed 
numerous scattered tubercles indistinguishable macroscopically and microscopi- 
cally from those due to the virulent strain. The smaller dose of BCG and the 
other inocula failed to produce any lung lesions. 


Comparison of the Susceptibility of Mouse Strains on Restricted 
Diet to Intranasal Inoculation 
Of the several mouse strains known to be highly susceptible to experimental 
tuberculosis, only one is available in this country. The C57 black strain was 
compared with multicolored mice from the Walter and Eliza Hall Institute and 
the albino strain from the present writers’ laboratory. Though of the same age, 
the more slowly maturing C57 mice were 5 to 7 gm. lighter than the other two 


TABLE 2 
COMPARISON OF INTRANASAL AND INTRAVENOUS INOCULATION witH M. TUBERCULOSIS 
H37Rv 1x C57 Mice on Repucep Diet 


INCIDENCE OF DIAGNOSTIC LUNG LESIONS 
VIABLE UNITS Intranasal Intravenous 


Degree Number Degree 


= > 30 tubercles +4 20 to 30 tubercles; ++ = 10 to 20 tubercles; + = 


1 to 9 tubercles 


The diet was restricted at the time of inoculation with two moderately heavy 
doses, and the mice were sacrificed in two groups at intervals of two and six 
weeks (table 3). 

After two weeks the tuberculous lesions were well developed; the C57 animals 
which received approximately 140 viable units showed diagnostic lesions in 3 
of 5 cases. The C57 strain showed a marked advantage over the multicolored 
strain in the number of lesions which developed, with the albinos in an interme- 
diate position. After six weeks these differences tended to flatten out, the latter 
two strains showing generally far more extensive consolidation of lung tissue 
than the C57 strain in which tubercles tended to enlarge slowly rather than to 
coalesce. 

Therefore, although individual animals of the Australian strains showed a 
greater tendency to extensive lung involvement once they had become infected, 
a tendency which was marked at both dose levels, it was less certain that a given 
dose would produce a predictable number of lesions. 
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The Rate of Development of Diagnostic Lesions in C57 
Mice and Guinea Pigs on Full Diet 


While readily detectable lesions apparently can be expected within ten to four- 
teen days of the intranasal inoculation of large doses of tubercle bacilli, it was 
necessary to determine the minimal period required to establish lung lesions with 


TABLE 3 
COMPARISON OF THE SusceprTiBiLiry oF DirrereNnt Mouse Strains TO INTRANASAL 
INOCULATION M. TuspercuLosis H37Rv (Restricrep Distr 


VIABLE UNITS 2 WEEKS 6 WEEKS 
AVERAGE 6 
OUN 
Degree Degree 


C57 Ca. 1,400 Tubercles ++++ Tubercles ++++ 

Multicolored Ca. 1,400 Tubercles + 5/5 Extensive general con- 
solidation 

Albino Ca. 1,400 5 Tubercles ++ Extensive general con- 
solidation 

C57 140 | 3 Tubercles + Tubercles ++++ small 

Multicolored 140 | 0/ ~- Tubercles ++ large 

Albino 140, Tubercles + Coalescing lesions 


D. L. = diagnostic lesions; + = 1 to 5 tubercles; ++ = 5 to 10 tubercles; 
10 to 30 tubercles; ++++ = > WO tubercles. 


TABLE 4 
Rate or DeveLopmeENT oF D1raGnostic Lesions 1n C57 Mice anp 1n Guinea Pras In- 
OCULATED wiTH M. TusercuLosis H37Rv (Furi Drier) 


2 WEEKS WEEKS 4 WEEKS 6 WEEKES 
VIABLE UNITS 
DILUTION AVERAGE 8 
OUNTS Guinea Guinea Guinea 
Mice Pigs* Mice Pigs fice fice Pigs 


aw 


5 


0 
0 
0 
0 


oor or 
an 


- 


noo 


* As no palpable lesions had developed either at the inoculation site or in the super 
ficial inguinal lymph nodes at two weeks, these animals were not sacrificed 


very small inocula. In the guinea pig this is generally considered to vary from 
six to eight weeks or longer, according to accepted practice. 

Groups of twenty mice were inoculated with doses ranging from 10~* to 10~*. 
As circumstances necessitated restricting the number of guinea pigs, it was de- 
cided not to sacrifice any of those available until palpable lesions had developed 
in the larger dosage groups. 

Both groups of animals were maintained on full diet. The mice were sacrificed 
after two, three, four, and six weeks in groups of five and the guinea pigs at the 
third and sixth week in groups of four (table 4). 
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| 10°* Ca. 1,600 5 4/4 

300 | 4/4 

160 4/4 

14 4/4 

10-7? 0.5 4/4 

0 4/4 


DETECTION OF SMALL NUMBERS OF TUBERCLE BACILLI 581 


The results were assessed in terms of “diagnostic lesions” in both instances. 
Inferences may be drawn from these results relating to the rate of development 
of diagnostic lesions in both species, to the relative susceptibility of mice and 
guinea pigs on full diet to small doses of tubercle bacilli, and to the selectivity of 
animals compared with oleic-acid—albumin agar medium. Doses of 300 or more 
“viable units” resulted in “diagnostic lesions” in all mice by the fourteenth day; 
with smaller doses, however, the response was slower, although in all animals in 
which infection did eventually become established it was evident macroscopically 
by the twenty-first day. At three weeks, only those guinea pigs which received 
160 or more “viable units” had developed caseating lesions which, however, had 
not progressed along the lymphatic chain beyond the inguinal and/or precrural 
nodes. In a few animals the sublumbar nodes were enlarged and hemorrhagic 
but showed no visible caseation. These observations leave no doubt that the 
recognizable mouse response to experimental tuberculosis is a good deal more 
rapid than that of the guinea pig. At six weeks, however, the total score of guinea 
pigs, especially at the lower dose levels, is rather better than that of the mice. 
Later experiments relate this to the level of nutrition. 

It will be observed that both species appeared to be more sensitive to small 
inocula than did oleic-acid—albumin agar medium, infection occurring in both 
at a tenfold higher dilution than the last to give a positive culture and, had more 
groups been included, the observed differences may even have exceeded this fig- 
ure. As the drops (0.03 ml.) counted for each dilution numbered eight, a total 
equivalent to four animal doses, it cannot be argued that sampling error alone 
was responsible, especially in view of later repetition of these results. It is of 
interest to record, however, that in the 10-’ dilution, the 8 drops counted yielded 
only four colonies, of which two were in one drop. 


The Relative Efficiency of Media, Mice, and Guinea Pigs (Diet Restricted) 


Additional confirmation of the relative efficiency of the mouse, of the guinea 
pig, and of routine cultural methods in detecting small numbers of H37Rv 
seemed necessary in view of this rather unexpected trend of results. The dilu- 
tions used were extended further with closer spacing and with Léwenstein and 
Dorset egg media included as controls on oleic-acid—albumin agar. Moreover, 
the rather erratic distribution of viable units over replicate doses of the higher 
dilutions suggested the necessity to examine its influence on the chance that an 
individual animal in a given group would or would not receive an infective dose. 
Although Léwenstein’s medium made up in plates proved satisfactory, Dorset’s 
egg medium dried out even though the plates were carefully sealed, restricting 
the comparison to two media (table 5). 

The mice were sacrificed at three weeks and the guinea pigs at six weeks to 
allow for the slower development of lesions in these animals. The diet of both 
mice and guinea pigs was reduced at the time of inoculation as before. The nu- 
tritional status of the mice did not appear to be greatly affected, but the diet was 
quite inadequate to sustain guinea pigs. By the fourth week all the latter animals 
were extremely emaciated and three died of starvation within three days of 
completing the experiment. Two of these, in groups receiving small doses, showed 
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no lesions of tuberculosis and there was no evidence that the reduced diet in- 
creased susceptibility to infection as it appeared to do in the mice. The findings 
reveal several important facts. There is, for example, an unusually close agree- 
ment, in view of the expected margin of error, between the counts on the two 
media and also in the actual and anticipated dilution decrease. This confirms the 
reports of Fenner and his co-workers (9a, 9b) of the ability of the semi-synthetic 
oleic-acid—albumin agar to promote the growth of small inocula and shows it to 
be the equal of the routine diagnostic medium. The failure of certain animals in 
each group among the higher dilutions to develop lesions is no doubt explicable 
in part by the observed irregular distribution of viable units in the inocula. 


TABLE 5 


Rewative Erriciency or Mepia, Mice, anp Guinea Pies Detectinec M. TUBERCULOSIS 
H37Rv (Diet Restricrep) 


VIABLE UNITS PER DOSE 
AVERAGE OF 12 
DILUTION 
Oleic- Acid-Albumin 
Agar 


Léwenstein (3 


ca. 3, 3, 25/25 
28 25/25 
10-* ‘ 20/25 
10-*-* 16/25 
10-7 16/25 
8 11/25 
10-* 14/25 
10-** 5/25 


Distribution of viable units in higher dilutions shown by counts: 
Oleic-acid-albumin agar: 10°77 = 3,0,3,2,0,3,2,0,1,2,3,2 
= 21/12 = 1.68 per drop = 
10-7-* = 1,0,0,0,1,1,0,0,1,1,0,0 
= 5/12 = 0.42 per drop = 0.84 per dose 
Léwenstein: 107 = 1,3,0,3,1,0,3,0,3,1,0,2 
= 17/12 = 1.41 per drop = 2.82 per dose 
10-7-* = 0,0,0,0,0,1,0,1,0,1,0,0 
= 3/12 = 0.25 per drop = 0.5 per dose 


A repetition of the previous experiment, designed to confirm the influence of 
diet on mouse susceptibility is summarized in table 6. As may be seen in the 
table, the advantage here appears to rest with the mice, although the numbers 
are small and the guinea pigs were sacrificed at four weeks. 

From this and the previous experiment it appears a justifiable assumption that 
mice on a reduced diet are of the same order of susceptibility as guinea pigs but 
are more regularly infected by small doses of tubercle bacilli and develop diag- 
nostic lesions more rapidly than do guinea pigs. Moreover, both mice and guinea 
pigs are more susceptible to small numbers of tubercle bacilli (H37Rv) grown 
for twelve days in Tween-albumin medium than to comparable small numbers 
which have been grown on the writers’ modification of Léwenstein’s medium or 
oleic-acid—albumin agar. 
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Epidemiological Considerations 
It is intended to report separately on the dangers associated with the handling 
of tubercle bacilli but, as the anticipated reaction to the suggested use of intra- 
nasal inoculation is likely to be that the risk is unduly great (the procedure was 
eliminated by Donovick and his co-workers (6) on these grounds), it is necessary 
to mention briefly in the present text preliminary experiments in this connection. 


TABLE 6 
Tue oF Repvucep Diet on Mouse GUINEA P1G SUSCEPTIBILITY 


DIAGNOSTIC LESIONS—4 WEEKS 
VIABLE UNITS 
(AVERAGE 6 COUNTS) 


DILUTION 
Mice Guinea Pigs 


10°* Ca. 400 10/10 10/10 

10-* 39 10/10 9/10 
4 10-* 
l 


7.8 8/10 7/10 
6 10-* 2. 5/10 5/10 
64 10-* ( 5/10 2/10 
28 10-* 0 4/10 1/10 
56 10-* 0 3/10 0/10 


The dilutions used were closely spaced and the guinea pigs observed for four weeks 
only. 
TABLE 7 
Cross-INFECTION IN EXPERIMENTAL TUBERCULOSIS. ResuLts oF Exposinc Heattuy C57 
Mice To Inrecrep Mice anp GUINEA Pics 
PROPORTION OF 


CONTACT MICE 

DUBATION INFECTED AFTER 
NATURE OF EXPOSURE TO WHICH NORMAL MICE WERE SUBJECTED or © WERES 
CONTACT ‘ 


Number | Degree 


Guinea pig. Ulcerated lesion following subcutaneous inocula- 

tion with sputum 4 weeks 
Guinea pig. Closed lesion following intramuscular inoculation 

with sputum weeks 
C57 mice IXIO* H37Rv. Intranasally 3 weeks 
C57 mice IXIO* H37Rv. Intracerebrally 3 weeks 
C57 mice 1,400 H37Rv Intranasally 2 weeks 
Albino mice 1,400 H37Rv. Intranasally 2 weeks 
Multicolored mice 1,400 H37Rv. Intranasally 2 weeks 


Degree: +++ = 5 to 10 tubercles; ++ = 3 to 5 tubercles; + = 1 to 2 tubercles. 


It is evident that any laboratory manipulation of materials containing living 
tubercle bacilli invariably involves a considerable degree of risk, but through 
common usage some procedures have come to be regarded as less dangerous than 
others. Practical precautions have been suggested by Fish and Spendlove (10) 
and by Anderson (1). 

To test the risk involved in an empirical manner, healthy mice were placed in 
the same cage with animals receiving the largest dose of tubercle bacilli by differ- 
ent routes in a number of experiments. The contact commenced during inocu- 
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lation. Similar groups of healthy mice were placed in contact with guinea pigs 
which had been infected by intramuscular and by subcutaneous injection of 
sputum positive for M. tuberculosis. The contact animals were examined after 
nine weeks for typical lung lesions® (table 7). 

It will be noted in table 7 that some degree of cross-infection occurred in prac- 
tically every group. These preliminary experiments indicate that the danger of 
dissemination of tubercle bacilli in the animal house, though real, is probably no 
greater following intranasal inoculation of mice than from guinea pigs inoculated 
in the usual manner with tuberculous concentrates. 

The risk to the operator during any manipulations involving living tubercle 
bacilli is such that it is considered unsafe to perform even the simpler procedures 
except in adequately fitted cabinets and unless properly masked and otherwise 
protected. Therefore, it is concluded at this stage that intranasal inoculation, 
properly performed, is not likely to increase the already present risk to the 
operators and attendants. 

DISCUSSION 

The results reported herein lead the writers to assume that the widely ac- 
cepted view that cultural methods are more sensitive than guinea pig inoculation 
for the diagnostic isolation of tubercle bacilli and should supplant it is not a true 
reflection of the relative sensitivity of these two laboratory aids to normal viru- 
lent tubercle bacilli. On the contrary, it would seem that, when tubercle bacilli 
are not subjected to the probably selective and certainly lethal action of various 
chemicals used in the homogenization of sputum or other tuberculous exudates 
and to centrifugation at speeds which favor the recovery of clumps rather than 
single organisms, the reverse of this statement might well be true. 

It is obvious that concentration processes act adversely on the tubercle bacilli 
present in the specimen, destroying as many as 90 per cent and losing others in 
discarded supernatant fluids. Moreover, the procedures allow the survival of a 
proportion of cells which are potentially abnormal in showing a high resistance 
to the chemicals employed and are so altered as a result of treatment that they 
may, as Bloch (2) suggests, be capable of reproducing on artificial media but not 
of infecting guinea pigs. 

The present experiments suggest that, when not subjected to digestive proc- 
esses, tubercle bacilli grown in Tween-albumin medium regularly cause infection 
in a proportion of animals at dilutions tenfold or more beyond the lower limit 
of cultural sensitivity. It should not be overlooked that bacilli so cultured are 
not “normal” in so far as they are grown in the presence of Tween 80. This is 
known to increase markedly their sensitivity to penicillin, but this abnormality 
does not appear to persist long enough after transfer of the organisms to an 
environment free of Tween 80 to cause decreased resistance to the defense 
mechanisms of the experimental animal. It is hard to imagine how cultural 


* Smears from these lesions showed no acid-fast bacilli, a finding which is in keeping 
with the probable age of the lesions; and, as no contaminants were isolated, it is reasonable 
to assume that the lesions were tuberculous. 
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methods could be more sensitive than guinea pig inoculation if the careful ex- 
periments conducted by Doerr and Gold (5) are valid. They succeeded in causing 
tuberculosis in 10 per cent of 30 animals inoculated with one organism picked out 
with a micro-manipulator from 10- to 31-day cultures. Other workers using less 
sensitive counting methods, e.g., Lange (19), 1 to 5 organisms; Glover (13), 5 to 
50 organisms; and Schwabacher and Wilson (26), more than 10 living bacilli, con- 
firm the sensitivity of the guinea pig to very small inocula. Finally, the results 
of the present experiments with C57 black mice inoculated intranasally, as well 
as the experiments with guinea pigs, indicate that these animals are very sensi- 
tive to experimental infection. In fact, under the conditions of the present ex- 
periments, the mouse appeared more regularly susceptible to small doses of 
tubercle bacilli than did the guinea pig. 

In seeking an explanation of the inferiority of the media used in the present 
study, the writers are reminded of the observation of Lurie and his co-workers 
(20) that aerosols derived from suspensions containing isolated bacilli were ap- 
proximately ten times more tuberculogenic for rabbits than those derived from 
suspensions containing larger bacillary groups. It is probable that, although 
unfiltered, the suspensions contained in the higher dilutions mainly dispersed 
cells rather than clumps. Although Fenner and his co-workers, studying the 
growth of Tween-albumin cultures on oleic-acid—albumin agar, considered that 
satisfactory growth could be obtained from single cells, it is not impossible that 
larger clumps are required to initiate growth regularly on solid medium; thereby 
accounting for the observed differences between animals and media in the pres- 
ent experiments. 

The position at the present stage of our knowledge would appear to be that less 
wasteful and less lethal concentration methods should be sought and the sensi- 
tivity of animals and culture media reconsidered under the optimal practical 
conditions which can be applied to routine diagnosis. 

Encouraged by the rapid appearance of diagnostic lesions in mice infected 
intranasally, the writers propose to test their suitability for detecting tubercle 
bacilli in sputum in numbers not disclosed by routine examination of smears, in 
parallel with the existing culture technique. Experiments are now in progress, 
testing serial dilutions of sputum concentrates weakly positive for acid-fast 
bacilli by smear. At the same time, the lethal action of currently adopted and 
other concentration methods is under review. 


SUMMARY 


Current views concerning the relative value of culture media and of animals 
for the detection of tubercle bacilli are based on the response to selected organ- 
isms (the survivors of concentration methods) and are, therefore, suspect. 

Both C57 mice and guinea pigs in the present experiments have proved to be 
at least ten times more sensitive than either modified Léwenstein or oleic-acid- 
albumin agar to H37Rv grown in Tween-albumin medium. 

When inoculated intranasally and maintained on a low plane of nutrition, 
C57 mice appear to be a little more regularly susceptible to threshold doses than 
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do guinea pigs by the intramuscular route. By other routes of inoculation the mice 
were less susceptible when the results were assessed in terms of macroscopic 


lung lesions. 
The appearance of diagnostic lesions is earlier in C57 mice on a reduced diet 


than in guinea pigs. 

When carried out with the care considered necessary for any manipulations 
involving virulent tubercle bacilli, intranasal inoculation appears to be no more 
dangerous than other techniques. 


SUMARIO 


Descubrimiento de Pequetias Cantidades de Bacilos Tuberculosos en Cultivos Dispersos, 
Usando Ratones, Cobayos y Medios Artificiales 


Las opiniones reinantes acerca del relativo valor de los medios de cultivo y de los ani- 
males para el descubrimiento de bacilos tuberculosos se basan en la respuesta a microbios 
seleccionados (los sobrevivientes de técnicas de concentracién), y por lo tanto, se hallan 
en tela de jucio 

Tanto los ratones C57 cuanto los cobayos usados en estos experimentos se mostraron a 
lo menos diez veces mds sensibles que bien el medio de Léwenstein modificado o el agar- 
albdmina-dcido oleico, al H37Rv cultivado en medio de Tween-albdmina. 

Inoculados intranasalmente y mantenidos en una esfera baja de nutricién, los ratones 
C57 parecen ser un poco mds susceptibles regularmente a dosis limites que los cobayos 
inoculados por via intramuscular. Por otras vias, los ratones fueron menos susceptibles 
cuando se apreciaron los resultados en términos de lesiones macrosceépicas del pulmén 

La aparicién de lesiones diagnésticas es m4s temprana en los ratones C57 a dieta baja 
que en los cobayos 

Llevada a cabo con el cuidado considerado necesario para toda manipulacién en que 
figuran bacilos tuberculosos virulentos, la inoculacién intranasal no parece ser mds peligrosa 


que otras técnicas 


RESUME 


Détection de bacilles tuberculeur en petit nombre dans les cultures a croissance dispersée, en 
utilisant la souris, le cobaye et un milieu artificiel 


Les idées courantes, concernant la valeur relative des milieux de culture et de l’animal 
pour la détection du bacille tuberculeux, sont fondées sur la réponse de germes sélectionnés 

les rescapés des méthodes de concentration) et qui, en conséquence, sont suspects 

La souris C57 et le cobaye soumis 4 ces expérimentations se sont, l’un et l’autre, montrés 
au moins dix fois plus sensibles que le milieu de Lowenstein modifié ou le milieu albumine 
agar-acide oléique pour le H37Rv cultivé dans le milieu Tween-albumine. 

Inoculée par voie intranasale et maintenue A un niveau de nutrition bas, la souris C57 
semble étre un peu plus réguliérement sensible aux doses de seuil, que ne l’est le cobaye 
inoculé par voie intramusculaire. Lorsque d’autres voies d’inoculation ont été utilisées, la 
sensibilité de la souris a été plus faible quand les résultats ont été évalués en termes de 
lésions pulmonaires macroscopiques. 

L’apparition de lésions diagnostiques est plus précoce chez la souris C57, soumise a 
un régime alimentaire réduit, que chez le cobaye 

Quand elle est effectuée avec le soin considéré nécessaire pour toute manipulation od 
interviennent des bacilles tuberculeux virulents, |’inoculation intranasale ne semble pas 


plus dangereuse que les autres techniques. 
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HARRY L. KATZ, SIDNEY SBAR, anp MARTIN G. GOLDNER 
(Received for publication January 2, 1952) 


INTRODUCTION 


During the past decade there has been increasing use of pneumoperitoneum 
in the treatment of pulmonary tuberculosis, either as a definitive procedure alone 
or in combination with antimicrobial and surgical forms of therapy. The factors 
which encouraged the wider use of pneumoperitoneum as a therapeutic procedure 
were: the simplicity of induction, its reversibility, the minimum of complications 
incident to its use, and the maintenance of the integrity of the intrapleural space. 

The efficacy of pneumoperitoneum in the treatment of pulmonary tuberculosis 
has been well established by the work of Banyai (1), Trimble and Wardrip (2), 
and Edlin and Bassin (3). 

Pneumoperitoneum has also been studied in the treatment of chronic pulmo- 
nary emphysema. Gaensler and Carter (4) and Furman and Callaway (5) have 
shown that the mechanical elevation of the diaphragm improved its function, 
resulted in a decrease in the residual air, increased vital capacity, and improved 
blood oxygenation. 

Pneumoperitoneum in the treatment of pulmonary tuberculosis is a procedure 
which requires prolonged use. Frequently it is necessary to maintain refills for 
several years to achieve proper control and stability of the pulmonary disease. 
A variable increase iri intra-abdominal pressure is, therefore, persistently present 
for many months or years. The consequences of this increase in pressure can be 
best appreciated by reviewing roentgenograms of the abdomen of patients under 
treatment with pneumoperitoneum. There is considerable separation and dis- 
placement of the liver from the diaphragmatic leaves, lengthening of the esopha- 
gus, compression of the abdominal viscera, and displacement of these towards 
the inferomedial plane. 

The present study was done to determine the effect of continuous pneumo- 
peritoneum therapy and its associated elevated intra-abdominal pressure upon 
liver function as determined by multiple liver function tests. 


PLAN OF INVESTIGATION 


Selection and analysis of cases: Twenty-five patients with pulmonary tubercu- 
losis treated with pneumoperitoneum were carefully selected for study. The 


1 From the Medical Service, Veterans Administration Hospital, Brooklyn, New York. 
? Sponsored by the Veterans Administration and published with the approval of the 
Chief Medical Director. The statements and conclusions published by the authors are a 
result of their own study and do not necessarily reflect the opinion or policy of the Veterans 
Administration. 
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patients were all less than 35 years of age, in good physical and nutritional status, 
and free of demonstrable extrapulmonary tuberculous lesions. The pulmonary 
disease in each case was in the inactive state at the time that the liver function 
tests were performed. All patients had attained sufficient benefit from the pneu- 
moperitoneum therapy to permit their discharge from active hospital care. 

Patients with signs of uncontrolled or progressive pulmonary disease, history 
of alcoholism, malnutrition, or previous history of jaundice, hepatitis, or hepa- 
tomegaly were excluded from the study. Emphasis was placed on the exclusion 
of all possible factors having the potentiality of causing liver function derange- 
ment. The present study is, therefore, an analysis of the effect of pneumoperi- 
toneum and long-continued intra-abdominal positive pressure, per se, on liver 
function. 


Pneumoperitoneum technique: The pneumoperitoneum was induced by the conventional 
procedure. Sufficient air was injected at weekly or biweekly intervals to maintain a rise 
in the diaphragmatic leaves at the level of the fourth rib or intercostal space anteriorly 
as determined by frequent fluoroscopic and roentgenographic examinations. 

Clinical and laboratory data for the 26 patients: In table 1 are summarized the essential 
clinical features in the 25 cases at the time of study of liver function relative to age, race, 
type and extent of the initial pulmonary lesion, duration of the disease, duration of the 
pneumoperitoneum, average intra-abdominal pressure, sputum or gastric content bac- 
teriologic findings, antimicrobial therapy administered, and erythrocyte sedimentation 
rate. In the interpretation of the extent and activity of the pulmonary disease, the criteria 
in the 1950 edition of Diagnostic Standards and Classification of Tuberculosis of the National 
Tuberculosis Association were followed. 

Twenty-two patients were white and 3 were non-white. The ages varied from twenty 
to thirty years in 16, and from thirty-one to thirty-four in 9 cases. The initial pulmonary 
disease was moderately advanced in 20 and far advanced in 5 instances. Single or multiple 
cavities were originally present in all cases. The duration of time from the induction of 
pneumoperitoneum to the final liver function studies varied from six to twenty-one months. 
The distribution of patients with relation to the duration of the pneumoperitoneum was 
as follows: 


Duration of pneumoperitoneum 4to8 9 to 13 14 to 18 19 to 23 
(in months 
Number of patients 6 9 8 


9 
- 


Thus, in 19 cases the duration of the pneumoperitoneum was nine months or longer at 
the time the liver function studies were conducted 

Average intra-abdominal pressure: The average intra-abdominal pressure varied from 
plus 8 to plus 20 cm. of water. In approximately one-half of the cases, the average intra- 
abdominal pressure was plus 12 cm. of water or higher throughout the maintenance of the 
pneumoperitoneum therapy. Four patients had a supplementary temporary phrenic crush. 
In each case the pulmonary disease was stable and inactive. The sputum or gastric contents 
were repeatedly negative for tubercle bacilli for periods varying from six to fourteen 
months. The duration of the pulmonary disease varied from nine to sixty months. In 21 
cases the disease was of one or more years’ duration. The erythrocyte sedimentation rates 
were within normal limits in all instances with the exception of Cases 9 and 11 who showed 
a rate of 17 and 19 mm. per hour, respectively. 

All patients with the exception of one (Case 1) were treated with streptomycin and 
para-aminosalicylic acid (PAS) for varying periods during their course of hospitalization. 
In order to eliminate the possible hepatotoxic effects of streptomycin and PAS, the liver 
function studies were done after these medications had been discontinued for a period 
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TABLE 1 


EssenTIAL CLINICAL Features IN Cases OF PNEUMOPERITONEUM IN THIS SERIES 


MONTHS BE- 
TWEEN SM-PAS 
THERAPY AND 

PAS | LIVER FUNCTION 
TESTS 


SPUTUM OR GASTRIC 
TYPE OF DISEASE BACTERIOLOGY 


STREPTOMYCIN 
THERAPY 


SM PAS 
months | months 


White Moderately advanced, right upper lung 12 10 - Negative 8 months 
White Moderately advanced, right upper lung 12 ; Negative 7 months 
White Far advanced, right upper lung and left 23 Negative 12 months 

upper lung 
White Far advanced, right upper lung and left ( , | Negative 12 months 

upper lung 
White Moderately advanced, left upper lung 3 | Negative 6 months 6 6 
White Moderately advanced, right upper lung Negative 8 months | 6 3 
White Moderately advanced, right lower lung } | Negative 6 months 
White Far advanced, right upper lung - Negative 8 months 
White Moderately advanced, right upper lung ( - Negative 6 months 
White | Moderately advanced, right lower lung Negative 11 months 
Non-white Moderately advanced, right upper lung Negative 

| and left upper lung 


FUNCTION 


LIVER 


ON 


} Continued 
| Continued 


2 months 


White Moderately advanced, right upper lung 3: j Negative 14 months 
White Moderately advanced, right upper lung j ‘ Negative 10 months 
White Moderately advanced, left upper lung ‘ 2 | Negative 8 months 
White Far advanced, left upper lung Negative 7 months 
Non-white | Far advanced, left upper lung Negative 9 months 
White Moderately advanced, left lower lung Negative 10 months 
White Moderately advanced, right upper lung Negative 12 months 
White Moderately advanced, right lower lung Negative 7 months 
White Moderately advanced, left upper lung Negative 6 months 
White | Moderately advanced, left upper lung Negative 8 months 
Non-white | Moderately advanced, right upper lung f Negative 9 months 
White Moderately advanced, right lower lung Negative 6 months 
White Moderately advanced, right upper lung Negative 8 months 
White Moderately advanced, right upper lung Negative 7 months 
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8.R.—erythrocyte sedimentation rate SM—streptomycin. para-aminosalicylic acid 
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varying from five to twenty-five months when streptomycin was used, and from two to 
twenty-five months when PAS was used. In only 2 cases were these medications in use at 
the time of the study. 

The following liver function tests were performed: cephalin flocculation, thymol tur- 
bidity, bromsulfalein (B.S.P.), total cholesterol and cholesterol esters, total protein, 
albumin-globulin ratio, and alkaline phosphatase. 

All tests were performed with the patients in resting and fasting state. In most instances, 
the results represent the averages of several determinations. In performing the brom- 
sulfalein test, 5 mg. of the dye per kg. of body weight were injected intravenously. A re- 


TABLE 2 
ANALYsiIs oF Liver Function Stupies 1n Cases OF PNEUMOPERITONEUM 


CHOLESTEROL 
BROMSUL- | PROTEINS Gm, 100 cc MG/100 cc ALKALINE 
EPHALIN TURBIDITY FALEIN PHOSPHA- 
FLOCCULATION UNITS PER CENT — TASE K.A. 
. RETENTION Albu- _ Glob- UNITS 
Total Total 
min ulin 


CASE NUMBER 


Esters 


Negative 
Negative 


x 


Negative 


os 


3 

3 
Negative 4 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
3+ 
Negative 
Negative 
Negative 
Negat ive 
9 


Negative 


w 


9 


Oo 


297 | 211 
291 | 213 
460 375 
236 «183 
280 196 
305 | 227 
300 «205 
280 200 
290 | 210 
255 | 190 
310 230 
354 230 
300 230 
208 | 210 
310 220 
290 210 
24 190 
320 210 


Ww to 


on 


Negative 
Negative 
Negative 
Negative 
3+ 

Negative 


Negative 


NK We wwe & 


NO ww 


~ 


3. 
5. 
7. 
2 
4. 
1. 
6 
3. 
4.6 
4. 
5. 
3. 
3. 
4 

1 
2 
3 
3 
8 
2.3 
4.! 
4 


wo 


tention of more than 5 per cent of the dye in 45 minutes was considered abnormal. A cephalin 
flocculation reading of 2 plus or higher, thymol turbidity above 5 units, total serum cho- 
lesterol level above 300 mg. per 100 ml., cholesterol ester fraction below 60 per cent, total 
protein below 5.0 gm. per 100 ml., albumin-globulin ratio below 1.5:1, and an alkaline 
phosphatase value of more than 14 K.A. units were considered as indicative of impairment 
of liver function 


RESULTS 


In table 2 may be seen the results of the liver function tests in the 25 patients. 
A 2 or 3 plus cephalin flocculation was obtained in 4 cases, and a thymol tur- 


\ 
1 
8 86 
9 78 
85 
ll 53 
| 12 S4 
13 78 
14 95 
15 SO 
16 SO 
17 8 65 
18 0 SO 
19 3 124 
20 4 
21 0 
22 4 | 6.5 5 
J 23 | 3 6.8 4 
24 Q= 0 7.4 0 
25 2.3 ) 8.1 9 110 5.4 
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bidity reading above 5 units in 7 instances. The bromsulfalein test showed a 
retention of 5 per cent or greater in 6 cases. The total blood protein concentration, 
the albumin-globulin ratio, as well as the alkaline phosphatase levels, were 
within the normal range in all cases. In 6 patients the total cholesterol was ele- 
vated above 300 mg. per 100 ml. The ratio of cholesterol esters to total cholesterol 
was within normal range in all instances. 

In this series of liver function tests, consistent abnormalities were not present 
in any of the cases. Only one patient (Case 11) showed an abnormality in as 
many as three of the tests. The cephalin flocculation was 3 plus, thymol turbid- 
ity was 13.5 units, and bromsulfalein retention was 5.3 per cent. However, the 
values for the other tests in this case were normal. 

In general the results demonstrate that long-continued pneumoperitoneum 
and prolonged intra-abdominal positive pressure do not cause any definite 
impairment in liver function. There was no significant correlation between the 
duration of the pneumoperitoneum, the degree of positive intra-abdominal 
pressure, and their effects on liver function. 

DISCUSSION 

Various investigators have reported a high incidence of abnormal liver func- 
tion tests in cases of pulmonary tuberculosis. Levinson and Siegal (6), Kruger 
and Gerber (7), and Hurst, Maier, and Lough (8) found impairment in liver 
function, particularly in the bromsulfalein retention values, in a significant 
number of cases. There was a close parallel between the degree of the hepatic 
dysfunction, the chronicity, severity, and extent of the pulmonary disease. Pa- 
tients with toxemia, emaciation, far advanced caseous-pneumonic and exudative 
disease showed the greatest incidence and degree of liver dysfunction. 

In view of the above findings, the present study was limited to patients with 
well-stabilized and inactive lesions in order to exclude the adverse effect of active 
tuberculous disease on liver function. 

Clinical observations indicate that air in the peritoneal cavity is benign in its 
effect on the abdominal viscera. Trimble, Eaton, and Moore (9), in a study of 
autopsied cases, found that long-continued pneumoperitoneum did not produce 
any demonstrable pathologic changes in the abdominal viscera. The only sig- 
nificant finding was a mild nonspecific peritoneal reaction in a few cases. Licht- 
man (10) stated that the pressure in the portal bed in man is approximately 10 
cm. of water. This equals the average intra-abdominal pressure in the present 
cases of pneumoperitoneum. If the intra-abdominal air were to exert its pressure 
effect equally throughout the abdominal cavity, it conceivably would produce 
an increased resistance to portal blood flow. However, Snyder (11) emphasized 
that there is a reciprocal relationship between the hepatic and portal blood flow 
in that a compensatory increase in hepatic artery circulation occurs in the pres- 
ence of a diminished portal vein flow. Bradley (12) has shown that the blood 
oxygen tension in the hepatic artery and portal vein is 85 and 50 per cent, re- 
spectively, and that normally the hepatic artery accounts for only 15 to 25 per 
cent of the total liver blood supply. 
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The ultimate effect of pneumoperitoneum and prolonged positive intra- 
abdominal pressure, therefore, may be an increased resistance to portal blood 
circulation, a compensatory increase in the hepatic artery blood flow, and an 
increase in the oxygen supply to the liver cells. This compensatory mechanism 
may account for the maintenance of normal liver function in therapeutic pneu- 
moperitoneum. 


SUMMARY 


A study was made of liver function in 25 patients with pulmonary tuber- 
culosis treated with pneumoperitoneum. 

All patients were in good physical and nutritional status and the pulmonary 
disease in each case was stable and inactive. The sputum and gastric contents 
were negative for tubercle bacilli for periods varying from six to fourteen months 
at the time the liver function studies were conducted. 

All variables having the potentiality of causing liver function impairment were 
eliminated as far as possible. Thus, the present study was concerned with the 
effect of pneumoperitoneum and elevated intra-abdominal pressure, per se, upon 


liver function. 

The duration of the pneumoperitoneum varied from six to twenty-one months, 
the average intra-abdominal pressure was plus 12 cm. of water throughout the 
maintenance of this therapy. 

The results of the present study indicate, therefore, that long-continued pneu- 


moperitoneum and prolonged increased intra-abdominal pressure did not pro- 
duce impairment of liver function. 


SUMARIO 


El Efecto del Neumoperitoneo Terapéutico en la Tuberculosis Pulmonar 
sobre la Funcién Hepdtica 


En 25 tuberculosos pulmonares tratados con el neumoperitoneo se ejecuté un estudio de 
la funcién hepatica 

Todos los sujetos se hallaban en buen estado fisico y nutritivo y en todos la afeccién 
pulmonar estaba estabilizada e inactiva. El] esputo y el contenido gfstrico habian sido 
negativos para bacilos tuberculosos durante periodos de tiempo que variaban de seis a 
catorce meses en la fecha en que se hicieron los estudios de la funcién hepatica. 

En todo lo posible, se eliminaron todas las variables potencialmente capaces de ocasionar 
disfuncién hepatica. E) estudio actual versé, pues, sobre el efecto del neumoperitoneo y de 
la hipertensién intraabdominal, en si mismos, sobre la funcién del higado. 

La duracién del neumoperitoneo varidé de seis a veintitin meses y la presién intraabdomi- 
na! media fué de +12 em. de agua durante toda la aplicacién de esta terapéutica. 

Los resultados del estudio actual indican, por consiguiente, que un neumoperitoneo 
largo v una prolongada hipertensién intraabdominal no afectaron adversamente la funcién 
hepatica 

RESUME 
Action de la pneumopéritonéothérapie pour tuberculose pulmonaire sur la fonction hépatique 


Une étude de la fonction hépatique a été effectuée chez 25 malades atteints de tuberculose 
pulmonaire et traités par le pneumopéritoine. 

Chez chacun de ces malades, |’état général et la nutrition étaient satisfaisants et l’affec- 
tion pulmonaire était stabilisée. Au cours des recherches sur la fonction hépatique, les 
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crachats et le liquide gastrique furent négatifs pendant des périodes variant de six & qua- 
torze mois. 

Toutes les variables susceptibles de créer un potentiel de dysfonction hépatique ont été 
éliminées dans la mesure du possible. Cette étude s’est done attachée A déterminer les 
effets du pneumopéritoine et de |’augmentation de la pression intra-abdominale, en soi, 
sur la fonction hépatique. 

La durée du pneumopéritoine variait de six A vingt-et-un mois, la valeur moyenne de la 
pression intra-abdominale atteignait +12 cm. d’eau pendant la période od cette thérapie 
était poursuivie. 

En conséquence, les résultats de |’étude actuelle indiquent que le maintien prolongé d’un 
pneumopéritoine avec accroissement de la pression intra-abdominale n’entrainait aucune 
altération de la fonction hépatique. 
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THE INFLUENCE OF CORTISONE AND STREPTOMYCIN ON 
EXPERIMENTAL TUBERCULOSIS IN THE ALBINO RAT':?:? 


MARTIN M. CUMMINGS, PAUL C. HUDGINS, MERRILL C. WHORTON, AND 
WALTER H. SHELDON 


(Received for publication June 19, 1951) 
INTRODUCTION 


Recent reports indicate that cortisone and corticotropin (ACTH) alter the 
natural course of experimental tuberculosis in mice, rats, guinea pigs, and 
rabbits (1—t). These compounds have been shown to favor the progression of the 
disease and in some instances have altered the histologic manifestations. In 
addition, it has been reported that cortisone diminished the therapeutic effect 
of streptomycin administered to tuberculous guinea pigs (3, 5). Because these 
studies in guinea pigs were carried out in a highly susceptible host, it was con- 
sidered to be of interest to learn whether cortisone would similarly modify the 
therapeutic effectiveness of streptomycin on tuberculosis in the albino rat, which 
is resistant to tuberculous infection. 


MATERIALS AND METHODS 


Forty albino rats, each weighing 150 gm., were divided into four groups; one group was 
injected intraperitoneally with 1.0 mg. of H37Rv (virulent human tubercle bacilli) ; another 
group was likewise injected with 1.0 mg. of H37Rv, and also received 5 mg. of cortisone 
acetate (Merck) intramuscularly daily for the duration (sixty days) of the experiment. 
A third group, injected with 1.0 mg. of H37Rv intraperitoneally, received 5 mg. of cortisone 
and 10 mg. of streptomycin chloride complex intramuscularly daily for the duration of 
the experiment. A fourth group, similarly infected with H37Rv, was treated with 10 mg. 
of streptomycin daily. 

RESULTS 


Eight of 10 infected animals which received cortisone alone died within sixty 
days. At the end of this time, all of the infected animals which did not re- 
ceive cortisone and also those which received cortisone plus streptomycin 
were living and well (table 1). The infected rats which received cortisone showed 
an average weight loss of 50 gm., whereas the animals which were treated with 
streptomycin had an average weight gain of 75 gm. The histologic findings in 
this experiment are presented below. 


1 From the Tuberculosis Research Laboratory, Veterans Administration Hospital, and 
the Departments of Medicine and Pathology, Emory University School of Medicine, At- 
lanta, Georgia 

* Presented, in part, before the Medical Session, as part of the symposium on Cortisone 
and ACTH, at the 47th annual meeting of the National Tuberculosis Association, Cincin- 
nati, Ohio, May 15, 1951 

* Reviewed in the Veterans Administration and published with the approval of the Chief 
Medical Director. The statements and conclusions published by the authors are the result 
of their own study and do not necessarily reflect the opinion or policy of the Veterans 
Administration 
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Rats infected with tubercle bacilli: In the lungs of the rats which had been 
inoculated with tubercle bacilli there were some small, mostly subpleural, foci 
of granulomatous pneumonia, a few of which secondarily involved the bronch- 
ioles (figure 1, left). The inflammatory process consisted chiefly of large mono- 
nuclear cells of the epithelioid-cell type, large vacuolated macrophages, and a few 


TABLE 1 
Errect or CortTIsSONE AND STREPTOMYCIN ON SurvivaL Time oF Rats INFECTED WITH 
Human Tupserc ie 
NUMBER OF 


SURVIVORS 
AT OV DAYS 


Tubercle bacilli 10 
Tubercle bacilli—cortisone 7, 1%, , 33, , 416 »4 2 
Tubercle bacilli—streptomyein 10 
Tubercle bacilli—streptomyein 


cortisone 10 


Fic. 1. Rat infected with tuberculosis. (Left) Illustrating small subpleural focus com 


posed of large mononuclear cells and lymphocytes. X75. (Right) Illustrating the cells of 


the infiltrate at higher magnification. X330. Hematoxvlin—eosin 


multinucleated cells of the foreign body giant-cell type Lymphocytes were 
encountered in fair numbers and the process had elicited some fibroblastic re 
sponse (figure 1, right). There was no caseation but acid-fast bacilli were easily 


found. Peripheral to the granulomatous foci, the lungs showed some interstitial 


pneumonitis with septa infiltrated by large mononu lear cells of the same tvpe 


us described above 


10 
10 
10 
\ B 
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Rare minute granulomata consisting of a few large mononuclear cells were seen 


in the liver where they elicited minimal or no fibroblastic response. The lesions 

were found chiefly in portal and periportal areas 

bacilli, but there w 
\ few 


throughout thre 


They contained rare acid-fast 
is necrosis 

minute granulomata similar the liver were seen seattered 

spleen. In these manv acid-fast bacilli were found 
Vas noted 

Rats thercle bacil and treated with cortisone The 

vhich had rece ed tubercle bacilli and had benet maintained ol 

Plaved widespread, diffuse, granulomatous pneumonis 


to those Iti 


but no casea- 


( lungs of rats 
cortisone d 
well is 


Is 


interstitial 


culosis Left 


75. (Right) Revealing 


the Langhans’ tvpe. Onl 


pneumonit 4 


lett 
cells with 


ted. Sonne 


inflammatory cell infiltrate 
large mon 


consisted chiefly of 


but many so-called epithelioid 
multinucleated cells of the Langhans’ 
f epithelioid cel 


I] pneumonia. In 


foamy cytoplasm 
cells vere 


tvpe were present 


granulomatous lesions 


the 
ively small numbers of Iyvmphor vtes and prac 
were present (figure 2, right 
dary involvement of the 
dlissemin: 


Compara 
cally no fibroblastic proliferation 
li were extremely numerous. Secon 


bronchi was common and had led to definite bronehio 
In the Sa 


\eid-fast bacil 


gen ion nimals which died before the sixtieth dav of the 
experiment e acute purulent pneumonia with large masses of gram 


positive bacteria complicated the picture 


act 


figure 3). These organisms did not 
ike the Z ehl Neelse ai probably represented mixed flora with coceal 
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Fic. 2. Rat treated with cortisone and infected with tuber) Showing a 
brane es <330. Hematox 
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and bacillary forms. In addition, tuberculous lesions similar to those described 
above were present and contained typical acid-fast bacilli. In the spleen there 
were marked lymphoid deplet ion and many granulomata composed predominant ly 
ol epithelioid cells. These lesions lacked peripheral cellular response Similar 
granulomata were encountered in the liver where they were, however, much less 
numerous than in the spleen. The splenic and hepatic lesions contained numerous 
tubercle bacilli but were without caseation. The 2 animals which were sacrificed 
on the sixtieth day showed similar, although somewhat less extensive, tubercu- 


lous lesions containing innumerable acid-fast bacilli. 


B 


tisone and infected with tuberculosis. A marked secondary 


treates 
tion has « ‘ Left) Showing an area of bacterial bronchopneumonia 


abscess formation ob ig a tuberculous lesion. X75. (Right) Revealing polyvmorpho 
nuclear leukocytes of t lary infection as well as an infiltrate of large mononuclear 


ous lesion. * 330. Hematoxvlin—eosin 


cells representing the 


Rats infected with tubercle bacilli and treated with cortisone and streptomycin 


The pulmonary lesions of rats inoculated with tubercle bacilli and treated with 


both cortisone and streptomycin did not differ appreciably from those observed 
in tuberculous animals treated with cortisone alone (figure 4, left). The lympho 
evtes in the inflammatory cell infiltrate were possibly more numerous but, if a 
difference existed, it was slight (figure 4, right). Many acid-fast bacilli were 
present in the lesions. Se« ondary bacterial pneumonia Was not encountered 

The spleen was the site of lymphoid depletion and numerous tubercles with 
many bacilli. Some tubercles contaming many ac id-fast bacilli were also found in 


the liver 
Rats infected with tubercle bacilli and treated with streptomycin All of the ani 
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mals which had been infected with tubercle bacilli and treated with streptomycin 


survived the sixty-day period of the experiment, gained weight, and manifested 


no evidence of illness. There were no gross lesions at autopsy. Only a few animals 


were studied histologically. In the lungs rare granulomas composed predomi 

tly of foamy macrophages were found. In the spleen rare small granulomas 
composed ot ep thelioid cells were seen. No lesions were seen in the liver Phe 


lesions contumed ire organisms 


d with cortisone and streptomycin and infected with tuberculosis 
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DISCUSSION 


It isi teresting that streptomycin protected the albino rat from the deleterious 
effect of cortisone in so tar as survival from infection is concerned In this respect 
the findings differ from the results obtained with guinea pigs. The extent of the 


tule reulosis Was greater mn the susceptible host receiving cortisone even when 


wequate doses of streptomycin were administered (3, 5). The histologic study 
in the albino rat revealed that streptomycin when administered with cortisone 
did no completely prevent the formation of tubercles in the lungs, liver, and 
spleer ven When treatment with the drug was begun on the dav of infection 
d continued for the duration of the study (sixtv davs). However. the infection 
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Cultures made of organs of the strain of rats in the present experiment (Sherman 
albino, Rockland Farms, New York) did not reveal Corynebacteria, but it is 
probable that streptomycin may have influenced the survival time of the rats 
receiving cortisone by eliminating streptomycin-sensitive bacteria other than 
tubercle bacilli. 

In previous similar experiments (2), 2 of 10 albino rats which received cortisone 
alone for fifty-two days had evidence of pyogenic lung infection. It has been 
demonstrated that cortisone renders animals more susceptible to spontaneous and 
experimentally induced pyogenic infection (7). It is interesting that, of the 10 
rats in the experiment now reported infected with tubercle bacilli and treated 
with cortisone, 8 developed severe pyogenic pulmonary infection. It seems possible 
that the pulmonary tuberculous lesions increase the susceptibility of these ani- 
mals to secondary pyogenic lung infection. Although this secondary infection 
may have been responsible for death, there is still histologic evidence of more 
extensive tuberculosis in this group than in the group of rats infected with 
tubercle bacilli and not treated with cortisone. 

This experiment suggests that host resistance remains one of the principal 
factors in the pathogenesis of tuberculosis. Results obtained in one species of 
animal do not necessarily apply to others. One may postulate that human beings 
who vary in their native resistance to tuberculosis may in some instances re- 
spond to adrenocorticoid therapy either like the guinea pig or like the rat, 
depending on their individual susceptibility to tubercle bacilli. 


SUMMARY 


Albino rats infected with human-type tubercle bacilli and treated with corti- 
sone develop more severe tuberculosis than infected animals not receiving this 
hormone. 

Albino rats infected with tubercle bacilli and treated with cortisone and strep- 
tomycin have infection comparable to untreated animals infected with tubercle 
bacilli. 

Therapeutic doses of streptomycin diminish the infection in the albino rat 
infected with tubercle bacilli. Streptomycin does not, however, prevent the 
formation of minimal lesions in the lungs, liver, and spleen. 


SUMARIO 
El Influjo de la Cortisona y la Estreptomicina sobre la Tuberculosis Experimental en la 
Rata Albina 
Las ratas albinas infectadas con bacilos tuberculosos y tratadas con cortisona mani- 
fiestan tuberculosis evolutiva que culmina en la muerte de las mismas. 
Dosis terapéuticas de estreptomicina protegen a la rata albina infectada con bacilos 
tuberculosos contra la muerte debida a tuberculosis. Sin embargo, dicho antibidtico no 
impide completamente la formacién de lesiones en los pulmones, higado y bazo. 


RESUME 
L’ influence de la cortisone et la streptomycine sur la tuberculose erpérimentale du rat albinos 


Lorsque le rat albinos inoculé avec le bacille tuberculeux est traité par la cortisone il 
en résulte une tuberculose évolutive, qui cause la mort de |’animal 
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Des doses thérapeutiques de streptomycine protégent contre la mort par tuberculose le 
rat albinos inoculé avec le bacille tuberculeux. Toutefois, cet antibiotique ne prévient pas 
complétement la formation de lésions dans le poumon le foie et la rate. 
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COMPARISON OF EXPERIMENTAL TUBERCULOSIS IN CORTISONE- 
TREATED AND ALLOXAN-DIABETIC ALBINO RATS':? 
PAT ROCHE, JR., MARTIN M. CUMMINGS, AND PAUL C. HUDGINS 
(Received for publication February 1, 1952) 
INTRODUCTION 

A generally accepted clinical impression is that diabetes lowers the resistance 
of a patient to tuberculosis and to other infections. Despite this observation, very 
little experimental work has been done on the influence of diabetes upon the 
progress of tuberculosis. Steinbach and Duca (1), using rats rendered hyper- 
glycemic by pancreatectomy, have reported an increased susceptibility to tuber- 
culous infection which appeared to vary directly with the degree of hypergly- 
cemia. In addition, these investigators noted that the subcutaneous injection of 
20 per cent glucose twice daily also appeared to depress the resistance of the rat 
to tuberculosis, although they were careful to state that the induced hypergly- 
cemia may not have been the sole cause of this change in resistance. Some evi- 
dence has been obtained which tends to elucidate the mechanism by which 
diabetes causes a reduction in specific defense reactions of the body. DaCosta 
and Beardsley (2) have found a diminution in the ability of leukocytes of dia- 
betics to phagocytize tubercle bacilli, Streptococci, and Staphylococci. Richardson 
(3) has reported that poorly controlled diabetics are less able to form agglutinins 
after injections of typhoid vaccine than are normal individuals or well-controlled 
diabetics. Moen and Reimann (4) and Bates and Weiss (5) have also presented 
evidence of a diminution of antibody formation in the diabetic. 

In relation to tuberculosis, Long (6) has suggested that the susceptibility of 
the diabetic may be associated with the increased breakdown of fat in the 
diabetic accompanied by liberation of glycerol. Long and Vorwald (7) presented 
some evidence that glycerol tends to increase the susceptibility of the rat to 
tuberculosis. 

Cortisone administration, like diabetes, appears to lower the natural resistance 
to infectious agents. Clinical observations have revealed that the administration 
of cortisone or corticotropin (ACTH) to patients with pulmonary tuberculosis 
may result in the development of miliary lesions (8). Experimentally, Germuth 
and Ottinger (9) have reported that cortisone matkedly diminished antibody 
formation in the rabbit. Conversely, Mirick (10) found that antibody formation 
to pneumococcal polysaccharides was produced just as promptly and in as high 
a titer in patients treated with cortisone as in untreated controls. Histologic 
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Chamblee, Georgia, and the Department of Medicine, Emory University School of Medi- 
cine, Atlanta, Georgia. 
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studies have demonstrated a pronounced depression of the inflammatory response 
following the administration of this hormone (11, 12). Shwartzman (13) has 
described an enhancement of poliomyelitis in experimental animals given corti- 
sone, while Kligman and associates (14) have reported a variety of experimental 
infections which are adversely affected by cortisone administration. 

In a recent study, Michael, Cummings, and Bloom (15) have produced over- 
whelming tuberculosis in the albino rat, normally a highly resistant animal, 
through the use of daily injections of cortisone for a prolonged period. Other in- 
vestigators (16, 17) have found the same enhancement of the progress of tubercu- 
losis in cortisone-treated mice and guinea pigs. However, Lurie and co-workers 
(18), working with tuberculosis in the rabbit, described greater localization of 
tubercle bacilli in the lungs following cortisone administration, despite the fact 
that their cortisone-treated animals had greater numbers of tubercle bacilli in 
the lesions than the controls. In addition to their similarities relating to a reduc- 
tion in natural resistance, diabetes and cortisone administration also have in 
common a disturbance in carbohydrate metabolism. Using similar doses of corti- 
sone, as did Michael and associates, Ingle and his co-workers (19) have pro- 
duced marked glycosuria in rats fed high carbohydrate diets by stomach tube. 
As no metabolic studies were done by Michael in his experiments on tuberculo- 
sis in the rat, although they were on normal diets, the possibility that his ani- 
mals had been made clinically diabetic must be considered. The present study 


was designed to repeat the work done on the production of tuberculosis in the 
cortisone-treated rat with measurements of the degree of glycosuria, to study the 
course of experimental tuberculosis in the alloxan-diabetic rat, and to contrast 
the disease produced in the two groups. 


MATERIALS AND METHODS 


Forty male albino rats (Sherman), whose average weight was 200 gm., were used in this 
experiment. Twenty of these rats were given intravenous injections of 40 mg. of alloxan 
per kg. of body weight. Eight of the 20 alloxanized rats died within ten days after alloxan 
administration due to alloxan toxicity, i. e., renal damage, hypoglycemia, et cetera. Pre- 
liminary screening for glycosuria was done by means of “‘Clinitest’’* tablets. Animals hav- 
ing glycosuria were placed in metabolism cages, and a twenty-four-hour urine specimen 
was collected and the glucose content and urine volume recorded. The criteria used to de- 
termine the presence of diabetes were glycosuria and polyuria. Ten days after alloxan ad- 
ministration, the remaining 14 diabetic rats and 20 normal nondiabetic rats were injected 
intraperitoneally with 4 mg. of human-type tubercle bacilli (H37Rv). During the first 
week of infection 5 more of the alloxanized rats died, presumably due to alloxan toxicity. 
The remaining 9 rats of this group survived, although 2 of these 9 animals were found not 
to have sustained glycosuria or polyuria and were eliminated from the study. At the ter- 
mination of the experiment these 2 animals did not differ in the gross or microscopic path- 
ology from that previously found in untreated tuberculous rats. 

The above-mentioned 20 nondiabetic rats were divided into two groups. Ten rats were 
given 5 mg. of cortisone acetate (Merck) daily by the intramuscular route, and the other 
10 animals received 1 mg. of cortisone acetate daily during the course of the experiment. 
Before these animals were infected or treated with cortisone, they were also placed in 


* Proprietary name for CuSO,, NaOH, Na;COy,, citric acid, Ames Co. Inc., Elkhart, 


Indiana 
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TABLE 1 
SurvivaL Time ror ALt Groups or ANIMALS 


NUMBER OF 
DAY OF DEATH SURVIVORS 
AT 60 DAYS 


Tubercle bacilli plus alloxan 2, 24, 26, 29, 37 
Alloxan only 
Tubercle bacilli plus 5 mg. of 30, 37, 40, 41, 45, 51, 52 
cortisone 
Tubercle bacilli plus 1 mg. of 
cortisone 
10* Tubercle bacilli only 
10* 5 mg. of cortisone only 


* Data from other experiments (15, 21). 


TABLE 2 
RELATIVE NUMBER OF AciIpD-FAST BacILLI ENCOUNTERED IN THE VARIOUS ORGANS OF 
THE TREATED AND UNTREATED ANIMALS 


LUNG SPLEEN 


5 mg. of cortisone plus tubercle bacilli 
1 mg. of cortisone plus tubercle bacilli 
Alloxanized plus tubercle bacilli 
Tubercle bacilli only 

Alloxan only 


5 mg. of cortisone only 


24 URINE GLUCOSE EXCRE TIONS 


Tet AFTER FECTION 

Fic. 1. Quantitative determinations of glucose excreted during twenty-four hours ex- 
pressed in milligrams per 100 milliliters. 

* Dotted lines in fifth-week data represent the increased amount of glucose excreted 


after forced feeding with 20 per cent sucrose. 
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metabolism cages, and glucose concentration and urine volumes were recorded to establish 
a base line 

All animals were fed on a regular stock diet, consisting of Rockland mouse diet and water 
ad libitum. At weekly intervals during the experiment, each group was weighed and the urine 
volume and glucose excretion recorded (tables 1 and 2). Glucose concentrations were 
established by the anthrone method performed on Folin filtrates of the urine (20). During 
the fifth week of the experiment, the two cortisone groups were fed on a special diet of stock 
food plus 20 per cent sucrose solution in place of the regular water supply. This forced feed- 
ing of a high carbohydrate diet elevated the degree of glycosuria in the cortisone-treated 
groups; the amount of this elevation is indicated by the dotted lines in figure 1 

Data used for comparison with the results of the present experiment were taken from 
other experiments in this laboratory which utilized the same strain of rat and the same 
infecting organism (H37Rv). In these experiments, 5 mg. of cortisone daily were given to 
normal rats with no apparent ill effects except a slight loss of weight during the sixty-day 


ALLOKANIZEO 
MGM CORTISONE 


| MGM CORTISONE 


TIME IN WEEKS AFTER INFECTION 
Fic. 2. Weight curves of rats infected with tubercle bacilli and treated with cortisone 
or alloxan. 


period. The complete data on these previous experiments are not included in the present 
paper since they have been reported previously (15, 21). Likewise, 5 alloxanized uninfected 
rats served as controls for survival time studies. Blood glucose determinations (Nelson’s 
method) at the end of sixty days indicated that the hyperglycemia was sustained (mean 
value 231.1 mg. per 100 cc 


RESULTS 


The survival time for all groups of animals is indicated in table 1. Previous 
experiments in this laboratory have shown that 100 per cent of the control 
group (normal rats), infected with tubercle bacilli only, survived. Thirty per 
cent of the group infected with tubercle bacilli and treated daily with 5 mg. of 
cortisone acetate survived; whereas, 100 per cent of those animals infected and 
treated with 1 mg. of cortisone survived. In the present experiment, 30 per cent 
of the rats infected with tubercle bacilli and rendered diabetic by alloxan sur- 
vived until the termination of the experiment at sixty days. All of the uninfected 
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alloxanized animals survived sixty days. It may be noted from figure 2 that both 

the 1 mg. and the 5 mg. cortisone-treated animals lost weight, whereas the al- 

loxan-diabetic animals did not lose weight. There were only slight differences 

noted in the gross pathology between the different groups of treated animals. 
Gross Pathology 

Rats infected with tubercle bacilli and treated with 5 mg. of cortisone daily: The 
lungs of the animals infected with tubercle bacilli and treated with cortisone 
were studded with large caseous masses involving the whole lung and, in many 
cases, the thoracic wall and the diaphragm. There were many fairly large nodules 
found on the liver of the animals of this group. The spleen was usually enlarged 
from two to three times normal size and was studded with small gray lesions. 
The omentum was considerably involved and usually adhered to the spleen and 
peritoneal wall. 

Rats infected with tubercle bacilli and treated with 1 mg. of cortisone daily: With 
the exception of 2 animals having only slight lung involvement, the gross pathol- 
ogy in the group of infected rats which received 1 mg. of cortisone was quite 
comparable to the above group of rats which received 5 mg. of cortisone. 

Rats infected with tubercle bacilli and rendered diabetic by alloxan: The lungs of 
animals infected with tubercle bacilli and rendered diabetic by alloxan revealed 
many nodules and lesions extending to the chest wall and diaphragm. There was 
less caseous material in the lungs of this group than in the lungs of the above- 
mentioned groups. The liver, spleen, and omentum were involved in much the 
same manner and to the same extent as the cortisone-treated groups. 


Microscopic Pathology 


Rats infected with tubercle bacilli: The lungs of the animals which had been 
infected with tubercle bacilli and had received no cortisone or alloxan contained 
clusters of mononuclear cells, surrounded in some areas by lymphocytes and with 
little or no alveolar exudate or surrounding edema. The over-all picture was that 
of an orderly granulomatous process. Acid-fast stains demonstrated a few organ- 
isms located chiefly within the mononuclear cells comprising the tubercles. The 
spleens contained small collections of epithelioid cells in the center of the Mal- 
pighian corpuscles. Acid-fast bacilli were sparse and were located principally 
within these cells. No lesions were noted in the liver and only small numbers of 
acid-fast organisms were found in the Kupffer cells. These microscopic sections 
were taken from previous experiments (15, 21). 

Rats infected with tubercle bacilli and treated with ¢ortisone: The lungs of the 
group of animals infected with tubercle bacilli and treated with cortisone con- 
tained many lesions which varied markedly in size, some involving only one 
or two contiguous alveoli, but others occupying an area represented by a low- 
power microscopic field. In some of the latter lesions there were small focal areas 
of caseation necrosis and extensive necrosis of the mononuclear cell infiltrate in 
the alveoli. The remainder of the lesion is characterized by a heavy infiltrate of 
the alveoli lumen and interstitial tissue with macrophages. Many of the larger 
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lesions were characterized by an extensive infiltration of the lung parenchyma by 
macrophages, many of which were epithelioid in configuration. A few lympho- 
cytes were seen in these lesions. The lymphoid tissue of these lungs was promi- 
nent and a few plasma cells were seen in the aggregate of lymphocytes. Smaller 
lesions were composed of aggregates of macrophages and lymphocytes. Rare 
multinucleated macrophages similar to Langhans’ giant cells were seen. Acid- 
fast stains revealed numerous bacilli throughout the lung which appeared in 
the exudate and in interstitial areas. The organisms were much more plentiful 
than in the groups not receiving cortisone. The spleens showed numerous small 
lesions composed almost exclusively of epithelioid cells. Little, if any, necrosis 
was noted. Numerous acid-fast bacilli were found in the supporting stroma. 
In most of the liver sections no lesions were identified. Rarely a few granuloma- 
tous lesions similar to those seen in the spleen were seen. The liver contained 
acid-fast bacilli lying principally within the Kupffer cells. There were several 
areas of polymorphonuclear infiltration in the Iungs suggesting secondary infec- 
tion. 

Rats infected with tubercle bacilli and rendered diabetic with alloxan: The micro- 
scopic sections of the organs from animals which had been infected with tubercle 
bacilli and rendered diabetic with alloxan revealed no significant basic differences 
in terms of histologic characteristics from the lesions of the cortisone-treated 
groups of animals. However, there were definitely fewer lesions in the alloxanized 
group and considerably fewer acid-fast bacilli than in the cortisone-treated 
group. The amount of acid-fast bacilli found in the different organs of each 


group may be seen in table 2. Cultures of the spleen, liver, and lungs were made 
on several occasions, employing Léwenstein-Jensen, blood agar, and Léffler’s 
serum slants. 1. tuberculosis was recovered from all of the organs. Attempts to 
isolate C. pseudotuberculosis murium or P. pseudotuberculosis were unsuccessful. 


DISCUSSION 


The susceptibility of the albino rat to tuberculosis appears to be enhanced 
by the administration of cortisone and similarly by rendering them diabetic 
through the use of alloxan. Although the enhancement of tuberculosis in rats 
rendered diabetic by pancreatectomy has previously been demonstrated, diabetes 
produced by alloxan should obviate the objections raised by Rich (22), to the 
earlier work, that pancreatectomy removes other pancreatic enzymes than in- 
sulin. 

Although none of the 1 mg. cortisone-treated group died, at the termination 
of the experiment, grossly and microscopically, the disease was almost as exten- 
sive as in the 5 mg. cortisone group. This suggests that, although 1 mg. of corti- 
sone daily causes sufficient depression of resistance to permit progress of infection, 
the death of the animals in the 5 mg. cortisone-treated group may be due to the 
infection plus the more extensive metabolic alterations caused by the higher 
dosage. Likewise, the high mortality rate in the alloxanized animals with less 
extensive disease than was found in the 1 mg. or 5 mg. cortisone-treated groups 
would seem to indicate some extensive alterations in the metabolism as well as 
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a lowering of the natural host resistance by suppression of the acute inflamma- 
tory reaction. 


SUMMARY 


Rats injected with virulent tubercle bacilli did not die of tuberculosis or 
develop any progressive infection. A majority of the rats similarly infected but 
treated with cortisone or rendered diabetic by alloxan either died or developed 
a progressive tuberculous infection. 

No correlation was established between the amount of glycosuria and degree 
of disease. 

There were marked histologic differences between rats infected with tubercle 
bacilli and untreated and those treated with cortisone or alloxanized. Little 
difference was noted, however, in the histologic pattern of infection between the 
the cortisone- and alloxan-treated groups. 

Considerably more acid-fast organisms were seen in the organs of rats treated 
with cortisone than in the control or alloxan-treated groups. 

The influence of cortisone and diabetes on experimental tuberculosis appears to 
be a lowering of the natural host resistance. 


SUMARIO 


Comparacién de la Tuberculosis Experimental en las Ratas Albinas Tratadas con 
Cortisona y las Diabetizadas con Aloxdan 


Ratas inyectadas con bacilos tuberculosos virulentos no murieron de tuberculosis ni 
manifestaron infeccién evolutiva. La mayoria de las infectadas en forma semejante, pero 
tratadas con cortisona 0 diabetizadas con aloxén, o bien murieron o manifestaron infeccién 
tuberculosa evolutiva. 

No se establecié la menor correlacién entre la intensidad de la glucosuria y la gravedad 
de la enfermedad. 

Hubo decididas diferencias histolégicas entre las ratas infectadas con bacilos tuberculo- 
sos y no tratadas y las tratadas con cortisona o aloxanizadas. No obstante, notése poca 
diferencia en el patrén histolégico de la infeccién entre las ratas tratadas con cortisona y 
con aloxdn. 

Observaéronse muchos mds microbios 4cidorresistentes en los érganos de las ratas trata- 
das con cortisona que en los grupos testigos o tratados con aloxdn. 

E| influjo de la cortisona y de la diabetes sobre la tuberculosis experimental parece con- 
sistir en disminucién de la resistencia natural del huésped. 


RESUME 
Etude comparative dans la tuberculose expérimentale de rats albinos traités par la cortisone 
ou rendus diabétiques par l’allozane 


Des rats inoculés avec des bacilles tuberculeux virulents ne sont pas morts de tuberculose 
en n’ont pas présenté la forme évolutive de |’infection. La majeure partie des rats inoculés 
de la méme maniére, mais traités par la cortisone ou rendus diabétiques par administration 
d’alloxane, a succombé ou a présenté une forme évolutive de |’infection tuberculeuse. 

Il n’a pas été établi de corrélation entre la valeur de la glycosurie et le degré de |’infec- 
tion. 

Des différences histologiques marquées existaient entre les rats inoculés avec le B.K. et 
non traités et ceux traités par la cortisone ou soumis A |’alloxane. Toutefois, il y avait pue 
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de différences histologiques dans les aspects de l’infection entre le groupe traité par la corti- 
sone et celui traité par l’alloxane. 

Le nombre de bacilles acido-résistants observés dans les organes des rats traités par la 
cortisone était considérablement plus élevé que chez les animaux-témoins ou chez ceux 
traités par l’alloxane 

Il apparaft que |’influence de la cortisone et du diabéte sur la tuberculose expérimentale 
détermine une réduction de la résistance naturelle de |’hdte. 
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DIHYDROSTREPTOMYCIN SULFATE IN PULMONARY TUBERCULOSIS” 
Report on Neurotoxicity 


STANTON TICE ALLISON 


Received for publication September 14, 1951) 


INTRODUCTION 


In 1949 Volk, Vitagliano, and the writer (1) reported observations in the treat- 
ment of 20 patients with pulmonary tuberculosis who had received 2 to 3 gm. of 
dihydrostreptomycin daily for 90 days. Compared with streptomycin, this new 
hydrogenated product (dihydrostreptomycin) appeared much less toxic in every 
respect save one, namely, its toxicity for the auditory apparatus. There were no 
skin reactions, no high eosinophilias, no blood dyscrasias, and only one case of 
loss of vestibular function. In the period following cessation of the drug, from one 
week to two months post treatment, however, 4 patients (20 per cent) developed 
definite audiometric loss and tinnitus; clinical deafness was apparent in 3. In 
this early study, dihydrostreptomycin hydrochloride was used for the first two 
months and dihydrostreptomycin sulfate for the third month. 

Previous to the publication of the above paper, one of the writers (R. V.) had 
presented a preliminary paper on this study at the Seventh Streptomycin Con- 
ference of the Veterans Administration, held in Denver in April 1949. These find- 
ings of deafness in a percentage of those treated were confirmed by Romansky 
and his associates (2), who likewise presented a paper on the same subject at this 
conference. These investigators observed 22.9 per cent deafness in their series of 
61 cases in which the hydrochloride salt of dihydrostreptomycin was used. A 
later follow-up report by these authors (3) revealed deafness in 40 per cent of 82 
cases studied. Of 33 deafened patients, 9 received dihydrostreptomycin sulfate 
only; the remainder received the hydrochloride salt. 

In 1949 Carr and his associates (4) presented a paper at the Atlantic City con- 
ference of the American College of Chest Physicians in which they reported their 
observations of 35 patients treated with dihydrostreptomycin hydrochloride for 
periods of 10 to 150 days. There was slight impairment of hearing in only 2 cases. 
This paper was discussed by the present writer (5) who noted that one patient 
had been treated for 150 days, one patient for 120 days, one patient for 64 days, 
while all the remainder (32 patients) had been treated for 60 days or less. Hence, 
it appeared that it was the time element which accounted for the discrepancy 
in the auditory toxicity observed in these two studies: the one at the Mayo 
Clinic; the other at the Veterans Administration Hospital, Rutland Heights. 

Since these reports appeared there has been a great deal of controversy on the 


1 From the Tuberculosis Service, Veterans Administration Hospital, Rutland Heights, 
Massachusetts. 

? Published with permission of the Chief Medical Director, Department of Medicine 
and Surgery, Veterans Administration, who assumes no responsibility for the opinions 
expressed or conclusions drawn by the author. 
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subject of incidence of toxicity for the auditory apparatus produced by dihy- 
drostreptomycin. Lincoln and his associates (6), in December 1950, reported the 
treatment of 64 patients with dihydrostreptomycin for 56 to 90 days in a dosage 
of 40 mg. per kg. of body weight. In some cases the hydrochloride salt was used, 
and in other cases the sulfate. They found no demonstrable loss in acuity with- 


TABLE 1 


AvupiTory Status or 20 Patients GivEN DinYDROSTREPTOMYCIN SULFATE 1 Gram 
Datty ror Four Monrus 


| AUDITORY ACUITY LATE FOLLOW-UP 


PATIENT i Months | REMARKS 
Post 
Treat- 
ment 


>> > > > 


| Left against medical advice four months post 
treatment 
Died four months post treatment 


~ 


an 


| 


| Died at end of treatment 
}A,C | A,C 
This patient was 75 per cent deaf before treatment and showed no 
further audiometric loss 
.D. |A,C|A,C 
(4,6 


A = No loss audimetrically of 30 decibels or more at frequencies of 128, 256, 512, 1,042, 


2,048, and 4,096 per second. 
C = No hearing loss clinically as tested by spoken voice, whispered voice, watch tick. 


F. 
F. 
J. 
R. 
LK 
L. 
G. 
E. 
8. 


in the normal hearing range three to ten months after cessation of the drug 
therapy. 

In March 1951 O’Connor and his associates (7) reported the treatment of 11 
patients with dihydrostreptomycin for three months and 21 patients for six 
months. Three patients in the first group, who had received the hydrochloride 
alone, became deaf. In the second group of patients, 14 of 21 became deaf and 2 
of these, who had received the hydrochloride alone for six months, became 


““stone”’ deaf. 


| Four or 
ment | 
A,C 
A,C 6 A,C 
A,C 12 | A,C 
A,C | 
Cc 
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Hawkins (8) reported an interesting study on the neurotoxic action of strepto- 
mycin and of the two salts of dihydrostreptomycin on the auditory system of 
cats. He concluded that the neurotoxic action of streptomycin on the auditory 
system of the cat is less constant than on the vestibular system and that it occurs 
only when large doses of streptomycin are used. This has been borne out in 
humans. Hawkins likewise found that dihydrostreptomycin sulfate had no neuro- 
toxic effect upon the auditory system of the cat, whereas dihydrostreptomycin 
hydrochloride in equal doses caused slight but definite damage. He attributed 
the differences in neurotoxicity between the two salts of dihydrostreptomycin to 
impurities in the hydrochloride rather than to inherent differences between the 


two salts. 


PLAN OF INVESTIGATION 


For some time it had been apparent to members of the medical staff at the 
Rutland Heights Veterans Hospital that some patients in the older age group 
would develop dizziness and ataxia from streptomycin, even early in their treat- 
ment. Dihydrostreptomycin did not appear to cause this effect in the older pa- 
tients, who tolerated it in the 1 gm. daily dosage very well. Accordingly, it seemed 
fitting that a study of a small series of cases in the older age group be undertaken 
with the hope that dizziness and ataxia might be prevented, and at the same 
time, by using a relatively small dosage and for a not too prolonged period, deaf- 
ness would not occur in the group. Since there had been some reason to believe 
that the hydrochloride salt—or some impurity in this salt—was the offender and 
the cause of the deafness previously reported, it would be part of the protocol 
to use only the dihydrostreptomycin sulfate. The dosage used was 1 gm. daily 
and this was given intramuscularly in a single daily dose for four months. 


OBSERVATIONS 


It was observed early in the treatment, as it had been in the previous study 
when the dihydrostreptomycin sulfate (Merck) had been first acquired by the 
hospital and tested on patients in the last month of treatment, that there was 
very much less local tissue irritability from the sulfate than from either the dihy- 
drostreptomycin hydrochloride or from the streptomycin calcium complex. The 
patients did not object to their daily injections. As the study progressed and no 
toxic manifestations at all developed, it appeared that the dihydrostreptomycin 
salt in the dosage given was a relatively nontoxic drug, although, because of past 
experience, it remained to be seen whether or not any deafness would develop 
post treatment. At the end of four months of therapy there had been no dizziness 
or ataxia in any of the 20 patients. Furthermore, there was no audiometric loss 
of 30 decibels or more at the frequencies of 128, 256, 512, 1,024, 2,048, and 4,096. 

This group of patients has been observed for a period of four months to one 
vear after the completion of the four months of treatment and no vestibular loss, 
or audiometric loss of significance, or any clinical deafness has been apparent in 


any of them. 
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SUMMARY 


Twenty patients in the age group 45 and over were treated for four months 
with dihydrostreptomycin sulfate in a daily dosage of 1 gm. Four to twelve 
months after completion of treatment it can be stated that no symptoms of ves- 
tibular damage were noted at any time and there have been no audiometric 
changes of significance within the hearing range. There has been no clinical 
deafness. 

In the dosage given and for the time period of the study (four months), dihy- 
drostreptomycin sulfate appears relatively nontoxic. It seems to be better toler- 
ated by patients over 45 years of age than is streptomycin in that no dizziness 
and ataxia have been observed when it has been used in 1 gm. daily dosage for 
no more than four months. In the absence of definite information at this time it 
is probably wiser not to use the dihydrostreptomycin sulfate for a period exceed- 
ing four months. If, however, the daily dosage is reduced to 1 gm. twice a week, 
it may conceivably be given with safety for six or eight months. 


SUMARIO 


El Sulfato de Dihidroestreptomicina en la Tuberculosis Pulmonar: Informe sobre la Toxicidad 
Dirigida al Octavo Par Craneal 


Veinte enfermos fueron tratados con sulfato de dihidroestreptomicina a dosis de 1 gm. 
diario por espacio de cuatro meses. No se han notado ni sordera clinica ni alteraciones 
audiométricas de mayor importancia en ninguno de esos pacientes que han estado en 
observacién por espacio de cuatro meses a un afio después de terminar el tratamiento. 

No ha habido deterioro vestibular ni ningdn otro signo significativo de toxicidad. 

Parece que, a la dosis administrada y durante el tiempo que abarcé el estudio, el sulfato 
de dihidroestreptomicina es una droga relativamente inocua y eficaz. Los AA. recomiendan 
el empleo del mismo a dosis diarias de 1 gm. durante un perfodo que no exceda de cuatro 
meses en los sujetos de 45 afios o més de edad que a menudo manifiestan con la estrepto- 
micina vértigo, ataxia y deterioro vestibular. También lo recomiendan en las personas 
estreptomicino-hipersensibles. Los AA. no emplean la sal clorhidrato de dihidroestrepto- 
micina ni favorecen su empleo. Por virtud de la mayor eficacia, gramo por gramo, de la 
estreptomicina, la recomiendan para la mayoria de los enfermos de menos de 45 afios y 
para los que no revelan reacciones alérgicas a la misma. 


RESUME 
Le sulfate de dihydrostreptomycine dans la tuberculose pulmonaire: Rapport sur la toricité 
exercte sur la huiti¢me paire cranienne 


Vingt malades ont été traités par le sulfate de dihydrostreptomycine A la dose de 1 
gramme par jour pendant quatre mois. I] n’a pas été observé de surdité ou d’altération 
audiométrique de degré significatif chez un seul de ces malades, dont l’observation a 
été poursuivie pendant des périodes de quatre mois a un an aprés la fin du traitement 

I] ne s’est produit aucune perte de fonction du nerf vestibulaire et aucune manifestation 
appréciable de toxicité 

Aux doses données pendant la période de |’étude, le sulfate de dihydrostreptomycine 
parait étre un médicament relativement sans danger et efficace. Les auteurs recommandent 
son usage & la dose quotidienne de 1 gramme pendant une période ne dépassant pas quatre 
mois chez les malades figés de 45 ans, ou plus, chez lesquels |’administration de 
streptomycine provoque souvent des vertiges, de l’ataxie et une perte de la fonction vesti- 
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bulaire. Il est également préconisé chez les sujets allergiques A la streptomycine. Les 
auteurs n’emploient pas le chlorhydrate de dihydrostreptomycine et n’en recommandent 
pas l’usage. En raison d’une plus grande efficacité, gramme pour gramme, de la 
streptomycine, la streptomycine est préconisée pour la majorité des malades de moins de 
45 ans, et pour ceux qui ne présentent pas d’allergie A la streptomycine 
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AN EVALUATION OF FOUR METHODS OF COLLECTING AND 
MAILING GASTRIC WASHINGS FOR TUBERCLE BACILLI 


H. MAC VANDIVIERI ki. SMITH, anp J. SUNKES 


INTRODUCTION 


The study ol gastric contents trom patie its suspected ot hia ng pulmonary 
tuberculosis has long been a useful and accepted supplement for the establish 
ment of the diagnosis. In ISOS Meunier (1) used the study of gastric contents 
as a means of diagnosing tuberculosis in children because of their habit of 
swallowing sputum hi vears later Armand-Delille (2) also demonstrated 
the value of gastric washings in establishing a diagnosis in infants when sputum 
examinations were unsatisfactory. Holm and Jensen (3) reviewed the use of gas 
tric lavage for the decade 1931 to 1941 as a supplement to diagnosis and reported 
it as being esper ially serviceable in cases of ambulant patients mn tuberculosis 
dispensaries.* At present, much consideration is being given to gastric lavage 
examinations for ex-sanatorium patients who may have little or no sputum or 
mav show a reluctance to submit sputum specimens 

It is well known that tubercle bacilli are lost from gastric specimens if these 
are allowed to stand for twenty or more hours. This presents a serious problem 
to the many physicians who lack facilities for immediate examination after 
obtaining such specimens and must, therefore, send them through the mails to 


laboratories with proper facilities. As early as ISS9 Straus and Wurtz (4) re 


ported that the gastric juice of dogs destroyed the virulence of tubercle bacilli 


in eighteen to thirty-eight hours Floyd and Page (5) found that, when tubercle 
bacilli were exposed to artificial gastric Juice, the virulence of the microorganisms 
varied indirectly with the time of exposure 

The mechanism of action here is not known, but studies have been made 
which give various suggestions. Roper and Ordway (6) reported that one-tenth 
normal hvdrochloric acid, even on continuous contact for forty hours, did not 
materially reduce the viability of tubercle bacilli. Bile also had no effect. Kramer 
7) has suggested the possibility that either the gastric liapase acting in an acid 
medium or pepsin in the presence of hydrochloric acid may possibly be capable 


of destroying the pathogenicity of the bacilli. In the experience of Ames, Culver, 
of Publie Healtl Atlant 
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and Nungester (8) a germicidal factor (G-l-r) may be present in gastric secre- 
tions and, as suggested by Piasecka-Zevland and Zeyland (9), a substance in 
human saliva may inhibit the growth of tubercle bacilli 

In studies to determine the effect of time on the viability of tubercle bacilli in 
gastric contents, Kramer (7) determined that a period of ten to twenty-one hours 
at 37°C. rendered virulent tubercle bacilli nonpathogenic for guinea pigs, and 
he was unable to recover the microorganisms trom their orgalis Kabler and 
Lundholm (10) reported that 32 to 42 per cent ol the specimens gave inhibition 
of growth when the specimen was held twenty-five hours at 4°C. Sprick and 
Towey (11), in a study of 33 gastric specimens, observed that, whereas 73 per cent 
were positive on an immediate examination, only 45 per cent were positive alter 
twenty-four hours and only 21 per cent after forty-eight hours. The results of 
Holloway and Cummings (12) were in essential agreement 

In practically every instance, when gastric lavage specimens were mailed, the 
delay period Vas In excess of any acceptable time limit 

Due to such considerations as these, physi ans are prone to retram trom 
mailing gastric lavage specimens to the laboratories, and laboratory personnel 
believe that their examinations are unsatisfactory because of false negatives 
Cherefore, efforts have been made to find a suitable method of mailing these 
specimens. These include the scheme proposed by Kabler and Lundholm (10 
who reported that the addition of crystalline disodium phosphate to the specimen 
immediately following collection will enable the laboratory to obtain a con- 
siderably greater number of positive cultures from mailed specimens. Dilution 
of the specimen has also been suggested and is being used in Denmark (13 

lhe present study was undertaken to find a suitable medium with which to 
reduce the loss of tubercle bacilli in gastric contents, irrespective of whether it 
be caused by acid, enzyme, or both, or some other factor or combination of 
Che dilution and the neutralization methods prey iously tried are evalu 


pe meonts / and ment Til isu combination ol / 


factors 
ited ith this paper 


and Il, and Experiment 1V is a newly suggested method 


MATERIALS AND METHODS 


The gastric specimens used in this study were from patients with suspected 


early tuberculosis whose sputum examinations had been repeatedly negative 
for tubercle bacilli, or from patients under close observation during or following 


\Iost ol the 


therefore, contained relatively few tubercle bacilli. A satishactory 


treatment whose sputum eXaminations were similarly negative 


specimens 

method ot collecting and mailing specimens In which bacilli are searce should 

be highly satisfactory for specimens which contain a large number of bacilli 
The present study comprised four evaluation experiments: Experiment 1 

i dilution method; Experiment 11a neutralization method; and Experiments 

111 and IVa dilution and neutralization method 


Phe gastric lavage was made following a twelve-hour fast. A Levin tube 
d nd kept on ice continuously was used to collect the specimens 
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pette The 
remaining half was placed in a sterile, cork-stoppered, 20 ml. animal 
contaming | ml. of stenle physiological saline. If a culture only was made 
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RESULTS 


Veutralization 
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SURVIVAL OF M. TUBERCULOSIS IN GASTRIC WASHINGS 


Concentrate Smear Examination 


A study was made of 696 gastric lavage specimens, 36 of which showed acid- 
fast organisms by microscopic examination. All but 5 of the 36 yielded tubercle 
bacilli by culture or animal inoculation. Of the 5 patients from whom the 5 
specimens with no tubercle bacilli were obtained, one had sputum positive for 
M. tuberculosis by culture and animal inoculation the following day; one had a 
positive culture from a gastric specimen collected three weeks later; 2 yielded 
acid-fast saprophytes on culture (animals inoculated from same specimens were 
negative); and one is still noninfectious after ten months of repeated culturing 
and animal inoculations. 

In only 2 of the 5 patients were the microscopic examinations substantiated 
by later culture or animal inoculation. Therefore, in only 2 of 696 gastric lavage 
specimens (0.28 per cent) was the microscopic examination of value. This means, 
obviously, that culture and animal inoculations are far more efficient than 
microscopic examination in detecting tubercle bacilli in gastric contents and that 
the latter, requiring extensive time, is absolutely unnecessary. 


Culture Without Animal Inoculation 


In table 1 may be seen a comparison of the cultural results on immediate 
and delayed examinations for all four experiments. A continuous decrease in the 
percentage loss due to delay is shown in the order of Experiments I, IT, III, and 


IV. The loss was 71.6 per cent in Experiment I and only 12.97 per cent in Expert- 
ment IV. 

The results obtained on delayed examination with the dilution procedure are 
somewhat superior to the expectancy demonstrated by Sprick and Towey (11) 
on untreated delayed specimens. It may be well to mention that a higher per- 
centage of positive results was obtained with the delayed examination during 
the colder days. 

The procedure of neutralization with Na,HPO, (Experiment II) seems far 
superior to dilution with distilled water alone. When the methods of Experiments 
I and II were combined, giving dilution plus neutralization with Na,HPO, 
(Experiment IIT), results were still more favorable. When the dilution method 
was combined with buffering action of the ‘“‘pHydrion” powder (Experiment IV), 
a procedure evolves which is superior to any one of the other three methods. 

The data in table 2 are based on those specimens which were: (1) positive 
for tubercle bacilli on immediate and negative on delayed examination and (2) 
positive on delayed and negative on immediate examination. These data lend 
support to the statements drawn from table 1. The less the variation in the 
number and percentage of specimens found positive on the immediate and 
delayed examinations, the more nearly comparable should be the two procedures 
(immediate and delayed). 

In the less satisfactory method (Experiment 1) 72.8 per cent of the total posi- 
tive specimens were demonstrated on the immediate examination only, with the 
delayed examination on these specimens being negative. In the more satisfactory 
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method (Experiment IV) there were only 28.9 per cent of the total positive 
specimens found on immediate examination only, and 18.4 per cent of the 
total positives were found only with the delayed examination. 


TABLE 1 
Gastric Lavace Spectmens EXaMiInep AND PERCENTAGE OF ALL SPECIMENS PosITIVEe 
ror M. TupercuLosis on Cutture Were DetrerMINep BY IMMEDIATE AND 
De.arep EXAMINATION, CLASSIFIED BY EXPERIMENT NUMBER AND Metsop 


SPECIMENS EXAMINED ALL POSITIVE SPECIMENS FOUND 


: Positive on Positive on PERCENT 
Found positive immediate lelayed* AGE LOSS 
examination examination IN 
POSITIVE 
Per Per Per DUE TO 
cent of cent of ent of DELAY 
total Number total Number total 
ex posi posi - 
amined tives tives 


EXPERIMENT NUMBER AND METHOD 


Dilution 

Disodium phosphate 

Dilution and _ disodium 
phosphate 

Dilution and buffer cap 


sules 


Average delay, 72 hours. 


TABLE 2 
Gastric LAvace Spectmens Positive ror M. as DETERMINED BY 
IMMEDIATE EXAMINATION ONLY AND BY DELAYED* EXAMINATION ONLY, CLASSIFIED 
EXPERIMENT NuMBER AND Metuop 


SPECIMENS FOUND POSITIVE BY CULTURE 


Positive on Positive on 
EXPERIMENT NUMBER AND HOD immediate : delayed* 
examination only examination on.y 


Per cent ~ Per cent 
Number of total Number of total 


I. Dilution 
Il. Disodium phosphate 
III. Dilution and disodium phosphate 


IV. Dilution and buffer capsules 


Average delay, 


2 hours. 


Cultures with Animal Inoculation 


The results are comparable with those of culture alone (table 1). Again there 
is demonstrated a continuous decrease in percentage loss due to delay in the 
order of the experiment number. 

In Experiment III there was considerably less loss (10.3 per cent) in viable 
bacilli than in Experiments I and II. 

In Experiment IV, 7.1 per cent more positive specimens were found on the 


Total 
; I 246 92 37.4 88 95.4 25 27.3 71.6 
II 131 56 42.7 54 96.4 33 59.0 39.1 
Ill 
H 146 43 29.5 37 86.4 28 66.1 24.3 
IV. 
7 |. 144 38 26.4 31 81.4 27 71.2 12.9 
° 
ta 
92 67 72.8 4.3 
; 56 23 41.1 2 3.6 
43 15 34.1 6 13.6 
38 3.9 7 18.4 
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delayed examination than on the immediate examination. This indicates a 
greater sensitivity for the delayed examination and is superior to the other 
three methods in this laboratory. 

In Experiment IV it appears that statistically the “delayed” examination is 
more satisfactory than “immediate.” This is probably of little importance as 
Kayne and Hounslow (16), Sasano and his associates (17), and Robinson and 
Dunn (18) have demonstrated that culture and animal inoculation done simul- 
taneously will give the highest percentage of positive results, with one of the 
tests being occasionally negative and the other positive. Comparison of the 
results shown in table 1 and table 3 confirms these findings. This being true, with 
two series of culture and animal inoculations as done in the present study with 


TABLE 3 
Gastric Lavace SpecIMENS EXAMINED AND PERCENTAGE OF ALL SPECIMENS POSITIVE 
ror M. Waich Were DeTrerRMINeD BY IMMEDIATE AND DELAYED 
EXAMINATION, CLASSIFIED BY EXPERIMENT NUMBER AND Metuop 


SPECIMENS EXAMINED ALL POSITIVE® SPECIMENS FOUND 


Positive on Positive on PERCENTAGE 
Found positive® immediate delayedt LOSS OR 
EXPERIMENT NUMBER AND METHOD | 
Total Per DUE TO 
cent of BELAY 
total 
posi- 
tives 


I. Dilution 
II. Disodium phosphate 
III. Dilution and disodium 
phosphate 
IV. Dilution and buffer cap- 


* Positive for M. tuberculosis by culture and/or animal inoculation. 
t Average delay, 72 hours. 


the immediate and delayed specimens, one would expect some minor variations 
as demonstrated, even if both had been performed with the same procedure at 
the same time. 

The results in table 3 are on the whole much better in regard to total positive 
specimens than the results in table 1. This would be expected since animal inocu- 
lations as well as cultures were done on both the immediate and delayed examina- 
tions, thus giving a greater opportunity for demonstrating a larger number of 
positive specimens. 

The data in table 4 (similar to table 2) lend support to the conclusion drawn 
from table 3. 

In Experiment I, 65.6 per cent of all positive specimens were found on im- 
mediate examination only, with the delayed examination on the same specimen 
being negative for tubercle bacilli; whereas only 4.2 per cent of the total positive 


209 95 | 45.4 91 95.8 | 33 34.8 —63.7 
100 48 48.0 45 | 93.7 27 56.2 — 40.0 
124 49 39.4 39 79.4 35 71.6 —10.3 
sules 108 36 | 33.3) 28 | 77.8 | 30 | 83.5 + 7.1 
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specimens were found on immediate examination only. This wide variation in 
immediate and delayed examinations is narrowed in the order of the experi- 
ments. In Experiment IV only 16.7 per cent of the total positive specimens were 
found on the immediate examination only; the delayed examination produced 
22.2 per cent of the total positive specimens, with the immediate examination 
on the same specimens being negative for tubercle bacilli. 


TABLE 4 
Gastric Lavace Specimens Positive ror M. Turercucosis* DeTeRMINED BY IMMEDIATE 
EXAMINATION ONLY AND BY DeLarept ExXaMINaTION ONLY, CLASSIFIED BY EXPERIMENT 
NUMBER AND METHOD 


SPECIMENS FOUND POSITIVE BY CULTURE 
AND OR ANIMAL INOCULATION 


EXPERIMENT NUMBER AND METHOD Positive on immediate Positive on delayedt 
examination only examination only 


Per cent 


Per cent 
Number Number of total 


of total 
Dilution 9: 62 65 
Disodium phosphate 21 43 
Dilution and disodium phosphate ( 14 28 
Dilution and buffer capsules 36 6 16 


Positive for M. tuberculosis by culture and/or animal inoculation 


t Average delay, 72 hours 


SUMMARY 


Gastric contents tend to “lose’”’ tubercle bacilli on standing. To obviate this 
and to make it safe to send such material through the mails without loss of 
viable tubercle bacilli due to the passage of time, a series of experiments were 
performed. 

A comparison was made of the results obtained from examination of gastric 
specimens collected in various ways and subjected to (1) dilution, (2) neutraliza- 
tion, (3) dilution and neutralization, and (4) dilution and buffering. 

Collection of the gastric specimen with approximately 300 ml. sterile distilled 
water and the addition of this lavage to the contents of two “pHydrion”’ capsules 
give a simple dilution and neutralization procedure entirely satisfactory for 
the preservation of viable tubercle bacilli in gastric lavage specimens mailed to 
the laboratory. 

Collection of the specimen with approximately 300 ml. sterile distilled water 
and neutralization with crystalline disodium phosphate are only slightly inferior 
to the above method but are not so simple. 

Neutralization of the gastric lavage specimen with disodium phosphate was 
found to be less satisfactory than either of the above procedures. Dilution alone 
proved the most unsatisfactory of the four methods studied. 

A study of the examination of the concentrate smear and evaluation of the 
concentrate smear with culture and animal inoculation are given. The exami- 


1] 
Tota 
I. 4 4.2 
II 3 6.2 
10 20.4 
I\ 8 22.2 
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nation of the concentration smear is of little value, whether it be positive or 
negative for acid-fast bacilli. 

Culture and animal! inoculations performed with each specimen will give a 
significantly higher percentage of specimens positive for tubercle bacilli than if 
cultural procedures only are employed. 


SUMARIO 


Justipreciacién de Cuatro Métodos para Recoger y Remitir por Correo Lavados 
Géstricos con Bacilos Tuberculosos 


El contenido g&strico suele “perder” bacilos tuberculosos, si se deja en reposo. A fin de 
evitar esto y de asegurar el envio por correo de ese material sin pérdida de bacilos tuber- 
culosos viables a causa del tiempo transcurrido, se proyectaron los experimentos descritos 
en este trabajo. 

La comparacién de los ejemplares gdstricos recogidos de distintos modos y sometidos a 
la (1) dilucién, (2) neutralizacién, (3) dilucién y neutralizacién, y (4) dilucién y amorti 
guamiento. 

La colecta con unos 300 ml. de agua destilada estéril y la adicién de ese lavado al con- 
tenido de dos cApsulas de ‘‘pHydrion”’ ofrece un sencillo procedimiento de dilucién y neu 
tralizacién absolutamente satisfactorio para la conservacién de los bacilos tuberculosos 
viables en las muestras de lavados gastricos remitidas por correo al laboratorio. 

La colecta con unos 300 ml. de agua destilada estéril y la neutralizacién con Nas:HPO, 
es apenas inferior al anterior (a), pero no tan sencillo. 

La neutralizacién del ejemplar de lavado g&strico con Na:HPO, resulté ser menos satis- 
factoria que uno u otro de los procedimientos anteriores. La mera dilucién fué la menos 
satisfactoria de las cuatro técnicas estudiadas. 

Preséntanse un estudio del examen de los frotes concentrados y una justipreciacién 
de los resultados de los frotes concentrados con los de los cultivos e inoculaciones en ani- 
males. EF] examen de los frotes concentrados posee poco valor, ya sean positivos o negativos 
para bacilos dcidorresistentes 

Los cultivos y las inoculaciones en animales ejecutados con cada ejemplar dardén un 
porcentaje significativamente mayor de ejemplares positivos para bacilos tuberculosos que 
el mero empleo de procedimientos de cultivo. 


RESUME 


Evaluation de quatre méthodes pour recueillir et expédier les liquides gastriques 
obtenus par lavage pour la recherche des bacilles tuberculeur 


Le contenu gastrique tend a ‘“‘perdre’’ rapidement ses bacilles tuberculeux. Pour obvier 
A cet inconvénient et pour permettre d’expédier ce matériel par la poste, sans perte dea 
bacilles tuberculeux viables, que peut causer le délai apporté dans la recherche, les 
techniques décrites dans cet article ont été élaborées. 

La comparaison de spécimens gastriques récoltés par des moyens différents et soumis 
aux procédés suivants: (/) dilution, (2) neutralisation, (3) dilution et neutralisation et (4) 
dilution avec addition d’un tampon. 

Le prélévement avec approximativement 300 ml. d’eau distillée stérile et addition de 
cette eau de lavage au contenu de deux capsules ‘“‘pHydrion”’ est un procédé de dilution et 
de neutralisation, entiérement satisfaisant, pour la préservation des bacilles tuberculeux 
viables dans les spécimens de lavage gastrique expédiés au laboratoire. 

Le prélévement avec approximativement 300 ml. d’eau distillée stérile, suivi de neutra- 
lisation avec Na;:HPO, cristallisé, est légérement moins favorable que le procédé ci-dessus 
(a) et n’est pas aussi simple 

Le procédé de neutralisation du spécimen de lavage gastrique par le NasHPO, a été 
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trouvé moins satisfaisant qu’aucun des deux procédés ci-dessus. La dilution seule s’est 
montrée la moins satisfaisante des quatre méthodes étudiées. 

Une étude de l’examen du frottis de matériel concentré et |’évaluation de frottis par 
culture et par |’ inoculation 4 1’animal est fournie. L’examen du frottis de matériel concentré 
est de peu de valeur, qu’il soit positif ou négatif,en ce qui concerne les bacilles acido-re- 
sistants 

La culture et |’inoculation a l’animal, effectuées avec chaque spécimen, fournira un pour- 
centage nettement plus élevé de spécimens positifs pour le bacille tuberculeux que la mé- 
thode des cultures seule 
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INTRODUCTION 


The frequency of pulmonary involvement in tularemia has been emphasized by the 
numerous reported cases during the past two decades. In 1941, Blackford and Casey (1) 
reported 12 cases of their own and reviewed 150 other cases in the literature. In 1945, 
Stuart and Pullen (2) reported 15 additional cases; they found 253 previously reported 
eases at the time of their review. Heilman (8) in 1944 reported the successful treatment 
of tularemia in experimental animals with streptomycin, following which there had been 
numerous clinical reports (9-13) of the effectiveness of this antibiotic in the treatment of 
ill forms of tularemia. Since 1949 the effectiveness of aureomyein (14, 15, 16) and chlor 
iumphenicol (Chloromycetin 17) in the treatment of tularemia has also been well es 
tablished 

Tularemic pneumonia occurs in approximately 15 per cent of all cases of tularemia, 
but Foshav } ind others have reported pulmonary involvement in ipproximately i 
per cent of the tvphoidal form of the disease. Although hematogenous dissemination ob 
viously accounts for the pulmonary lesions in the ulceroglandular type of the disease, 
inhalation is probably the method of infection in the typhoidal form with pneumoniec 
involvement. Reimann (5) has suggested that such inhalation could result from the B 
tularensis being suspended in the air as dust from dried droppings or droplets from in 
fected inimals 

The pathology of tu nic pneumonia has been thoroughly reviewed and discussed 
by Blackford and Case Hunt (3), Lillie and Francis (6), Permar and Maclachlan 
7), Stuart and Pullen (2), and many others. A lobular, caseous pneumonia, quite similar 
grossly to tuberculosis, is the usual finding. In addition, necrosis and cavitation are oc 


easionally found but these are rarely prominent features of the disease. In fatal 


multiple lobes are usua nvolved 


Microscopically, the exudate is made up chiefly of mononuclear leukocytes. In cases 


with significant caseation and necrosis, there is also an acute inflammatory process In 


irteries and veins, with thrombosis of these vessels 


volving the pulmonar 
Although necrosis and cavitation are often encountered among the autopsied cases 


_ im unusual to encounter a definite lung abscess clineally n cases of tularemia 


Therefore the following case report is presented 


CASE REPORT 


\ 20-vear-old white married farmer was admitted to the Medical College of Virginia 
Hospit il on Jul 2? 1951 with the chief complaint ot I feel bad.’’ He was ipparently mn 
good health until July 19, 1951 (three davs before admission) when he began to complain 


of gener il malaise veakness, low-backache headache ind my ilgia The next dav he suf 
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of hemoglobin was 16.5 gm. per 100 ml.; the total leukocyte count was 10,000, with 72 per 
cent polymorphonuclears, 1 per cent eosinophils, 23 per cent lymphocytes, and 4 per cent 
monocytes. A serologic test for syphilis was negative. Blood cultures were sterile. Sputum 
and gastric washings were negative for acid-fast bacilli on stained smear. Agglutinations 
for typhoid, paratyphoid, Brucella, Proteus X19, and tularemia were negative on the day of 
admission. A roentgenogram of the chest on admission to the hospital revealed a pneumonic 
density in the left second and third anterior interspaces (figure 1). Lateral film indicated 
involvement of the anterior segment of the left upper lobe. 

The patient was started on 300,000 units of procaine penicillin fortified with 100,000 units 
of sodium penicillin every twelve hours, but his symptoms continued and the rectal tem- 
perature remained elevated between 101.2° and 105.8°F. He became confused and delirious. 
On the second hospital day, the patient was started on chloramphenicol (Chloromycetin), 
500 mg. every four hours. After twenty-four hours of chloramphenicol, the temperature 
began to fall by gradual lysis. On July 27, 1951, after three days of chloramphenicol, the 
patient was afebrile and asymptomatic except for weakness. The drug was discontinued 
after the patient had been afebrile for two days. A repeated agglutination reaction on July 
30, 1951 was positive for tularemia in a dilution of 1:160. This titer subsequently rose to 
1:320 on August 2, 1951. The patient felt well and remained afebrile. On July 31, 1951, a 
chest film revealed a cavity measuring 3.5 cm. in diameter in the left upper lobe field at the 
level of the third anterior rib, with light mottling around the cavity (figure 2). A lateral 
film showed the cavity to be in the anterior segment of the left upper lobe. He had no pul- 
monary symptoms and felt perfectly well at this time. Chest roentgenograms on August 6 
and August 10, 1951 showed definite, although slight, reduction in the size of the cavity. 
It was believed that the patient probably had a lung abscess due to tularemia, so chlor- 
amphenicol was again started on August 10, 1951. The next day the patient developed edema 
of the face, hands, and feet, with giant urticaria. The chloramphenicol was then discon- 
tinued. The allergic manifestations were controlled with epinephrine and antihistaminics. 
@ Since the patient was afebrile and asymptomatic but still showed roentgenographic 
evidence of a cavity, he was discharged on streptomycin therapy, 1 gm. three times a week 
for three weeks. On September 4, 1951 the patient was seen in the Chest Clinic. He was 
asymptomatic and felt well. A chest roentgenogram on that date was entirely normal 
(figure 3). 


COMMENT 


Although areas of necrosis are a frequent pathologic finding in cases of tularemic pneu- 
monia, a large abscess cavity, as in the present case, is rather unusual except in patients 
dying of the disease. In view of the thin wall of the cavity and because of its size, it is 
likely that a ‘“ball-valve’”’ mechanism was present in the draining bronchus. It is probable 
that, following the development of caseation and necrosis, drainage of the liquefied ma- 
terial through a bronchus occurred and, because of a partial obstruction to the draining 
bronchus, a tension cavity resulted. By controlling the infection with chloramphenicol 
and streptomycin, the bronchial obstruction disappeared and the cavity closed. The ab- 
sence of cough and expectoration during the period when the abscess was present is clin- 
ical evidence against the probability that the abscess was the result of excavation of lung 


tissue alone. 


SUMMARY 


A case of tularemic pneumonia is presented in which a large abscess developed within 
the area of pneumonia. The patient was treated initially with chloramphenicol, with 
prompt clinical improvement. Because of an apparent allergic reaction to chloramphenicol, 
the patient was later treated with streptomycin with complete disappearance of the lung 


abscess. 
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SUMARIO 
Absceso Tularémico del Pulmén. Historia Clinica 


En el caso de neumonia tularémica aqui presentado se formé un gran absceso en la zona 
neumdénica. E] enfermo fué tratado el principio con cloranfenicol, obteniéndose rdépida 
mejoria clinica. Debido a aparente reaccién alérgica al cloranfenicol, el tratamiento fué 
después con estreptomicina, que logré la desaparicién total del absceso pulmonar. 


RESUME 


Abcés tularémique du poumon—Présentation d’un cas 


Présentation d’un cas de pneumonie tularémique avec gros abcés situé dans le lobe 
intéressé. Le malade fut initialement traité par le chloramphénico! avec un résultat cli- 
nique favorable immédiat. Plus tard, en raison d’une réaction allergique paraissant due au 
chloramphénicol, le malade a été traité par la streptomycine et ]’abcés a disparu compléte- 


ment 
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SYNTHETIC ORGANIC BASES TESTED FOR INHIBITION 
OF TUBERCLE BACILLI 


Various modifications of streptomycin are possible without loss of antibacterial activity, 
such as the reduction of the aldehyde group to produce dihydrostreptomycin, or the even 
more extensive change in the carbohydrate moiety found in mannosidostreptomycin. This 
fact implies that only certain of the structural features of streptomycin are essential for 
its activity. Furthermore, the inhibitory action of this drug is impeded by a variety of 
inorganic salts': * *- # and has been shown by bactericidal tests to be extraordinarily sen- 
sitive to such interference’. As this effect is most readily understood in terms of compe- 
tition for an intracellular receptor between the inorganic ions and an ionized group on 
the drug®, the essential structures of streptomycin very likely include its ionizable groups 
(two guanido groups on the inositol ring and a methylamino group on the carbohydrate 
moiety). It therefore seemed possible that compounds havingonly a general resemblance 
to streptomycin, and in particular sharing its polybasic character, might show a 
similar antimicrobial action. 

A cooperative project was consequently undertaken with Dr. Erich Mosettig and Dr. 
Everette May of the National Institutes of Health, with the aim of synthesizing and 
testing a series of polybasic, highly polar compounds designed to approach eventually 
the structure of streptomycin. Since these compounds were intended to resemble in their 
mode of action streptomycin, which is highly active against tubercle bacilli in vitro, they 
were tested only for this action 

The purpose of the present report is to record the results of tests on 64 compounds. 
These were all less active than streptomycin in vitro, and the most active one was con- 
siderably more toxic. These compounds therefore appear to offer no chemotherapeutic 
promise against tuberculosis. It was unfortunately not found possible to carry the syn- 
theses to the point where the spatial relations between the basic groups would resemble 
closely those present in streptomycin. 


'WaksMaAN, 8S. A., AND Scuatz, A.: Streptomycin—origin, nature and properties, J 
Am. Pharm. A., 1945, 34, 27: 

? Berkman, S., Henry, R. J., anp Hovusewricut, R. D.: Studies on streptomycin: I 
Factors influencing the activity of streptomycin, J. Bact., 1947, 53, 567. 

’ Donovick, R., Bayan, A. P., CANALES, P., AND Pansy, F.: The influence of certain 
substances on the activity of streptomycin: III. Differential effects of various electrolytes 
on the action of streptomycin, J. Bact., 1948, 56, 125 

‘Green, 8S. R., ano Waksman, S. A.: Effect of glucose, peptone, and salts on strepto 
mycin activity, Proc. Soc. Exper. Biol. & Med., 1948, 67, 281 

§ Davis, B. D.: Unpublished observations. 

* Counen, 8. 8.: Streptomycin and desoxyribonuclease in the study of variations in the 
properties of a bacterial virus, J. Biol. Chem., 1947, 168, 511. 
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TABLE 1 
Compounps Testep ror INHIBITION OF GrowTH oF TuBERCLE Bacitttus H37Rv 
tN Tween-ALBUMIN Liquip Mepivum 


INHIBITION BY 
NAME 
10 y PER ML. 


1338W | Quinoline-4-N , N-di-n-butylearboxyamidine hydrochloride None 
2958 p-Nitrophenylbiguanide hydrochloride None 
2978 p-Nitrophenylguanidine None 
2979 p-Aminophenylguanidine hydrochloride None 
2980 p-Guanidophenylguanidine dihydrochloride None 
2981 1-(1-p-Biguanido)phenylbiguanide tetrahydrochloride. 4 None 
2982 p-Aminophenylbiguanide trihydrochloride. 2 H,O None 
3436W | o-Chlorophenyl!-dibutylamidine hydrochloride | None 
3437W | Styryldibutylamidine hydrochloride None 
3438W | p-Methoxypheny!-dibutylamidine hydrochloride None 
3439W | 2,5-Dimethoxypheny]l-dibutylamidine hydrochloride None 
Mesityldibutylamidine hydrochloride None 
N-Benzyl-N’-phenylearbimidopiperazine dihydrochloride None 
| D, L-Pentahydroxycyclohexylamine hydrochloride None 
| Semicarbazone of D, L-epi-inosose None 
D, L-1-Pentahydroxycyclohexylsemicarbazide | None 

o-Tolyl-N, N-dibutylamidine hydrochloride Partial 

| p-Chlorophenyl-N, N-dibutylamidine hydrochloride Partial 
) | Phenyl-N, N-dibenzylamidine hydrochloride | None 

| 4-Quinolyl-N, N-diheptylamidine hydrochloride Complete 

| 9-Acridyl-N, N-dibutylamidine hydrochloride Partial 
m-Methoxyphenyl-N , N-dibutylamidine hydrochloride | None 
| 2,6-Dimethoxyphenyl-N, N-dibutylamidine hydrochloride None 
3,4-Dimethoxyphenyl-N, N-dibutylamidine hydrochloride None 
| rac.-epi-Inosose oxime None 
| rac.-Dimethylaminopentahydroxycyclohexane hydrochloride None 
N-Glucoside of rac.-pentahydroxycyclohexylamine None 
Tetraacety!-8-2,4-diaminophenyl-D-glucoside dihydrochloride None 
None 
| 8-2,4-Diaminopheny!-D-glucoside None 
Pentahydroxyaminocyclohexane(Inosamine-SA)hydrochloride. None 

1H,O 

8-p-aminopheny!-D-glucoside None 
Tetraacet yl-8-2, 4-diguanidinopheny!-D-glucoside sulfate None 
8-2,4-Diguanidinopheny!-D-glucoside sulfate None 
§8-m-Aminopheny!-D-glucoside None 
o-Tetraacet yl-m-(1-guanidinopheny])-D-glucoside hydrochloride None 
8-m-Guanidinopheny!-D-glucoside None 
Tetraacet yl-8-p-guanidinophenyl-D-glucoside hydrochloride None 
8-p-Guanidinopheny!-D-glucoside hydrochloride None 
Thiosemicarbazone of D, L-epi-inosose None 
Tetraacety!-o-8-guanidinophenyl-D-glucoside hydrochloride None 
8-o-Guanidinopheny]-D-glucoside None 

N,N-Dimethyl-inosamine SA hydrochloride Partial 
Scyllo-inosose thiosemicarbazone None 
p-Nitropheny! 3,4,6-triacetyl-8-D-glucosaminide hydrochloride None 
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TABLE 1—Continued 


N 
. IH NAME | INHIBITION BY 
NUMBER 10 PER ML 


3899 2,4-Diguanidinopheny! 3, 4,6-triacet yl-8-D-glucosaminide None 
trihydrochloride 
3913 2,4-Diaminopheny!-3-D-glucosaminide None 
3924 2,4-Diaminopheny! 3, 4,6-triacet vl-8-D-glucosaminide None 
4086 2, 4-Diguanidinophenyl-8-D-glucosaminide sulfate. 4 H,0 None 
4092 p-Guanidinopheny]-8-D-glucosaminide None 
4124W | 4-Quinolyl-N, N-dihexylamidine hydrochloride Partial 
4125W | 4-Quinolyl-N, N-dioctylamidine hydrochloride Partial 
1-[(1-Piperidino) methyl]-inositol None 
1-(1-Morpholino) -methylinositol None 
4-Guanidino-3-pentadecylphenyl-8-D-glucoside hydrochloride Partial 
1-[(N-2-hydroxyethylamino)methy]]-inositol None 
N-Acetyl-5-aminomethyl-meso-inositol None 
None 
5-Benzylaminomethyl-meso-inositol hydrochloride None 
5-Ethanolaminomethyl-meso-inositol hydrochloride None 
6-Guanidino-3-pentadecylphenyl-1-8-D-glucoside Partial 
p-Aminobenzoy!-meso-inositol None 
p-Aminobenzoy!-epi-inositol None 
p-Aminosalicylyl-meso-inositol None 


EXPERIMENTAL 
Materials and Methods 


The compounds noted in table 1 by the letter W following the NIH number were furnished 
to Dr. Mosettig through the kindness of the Wellcome Research Laboratories; the rest were 
synthesized at the National Institutes of Health.’?-™ 

The culture medium employed" contained mineral salts, 0.2 per cent enzymatic casein 
hydrolysate (N-Z-Amine, Type B, Sheffield) ; 0.05 per cent Tween 80," 0.2 per cent glucose, 
and 0.2 per cent heated serum albumin. The experiments were carried out with 10-* and 
10-* ml. inocula of seven-day cultures of a virulent human tubercle bacillus, strain H37Rv, 
added to 5 ml. of medium in metal-capped 25 mm. test tubes. The compounds under investi 
gation, filter-sterilized through sintered glass (Corning UF) in aqueous solution, were 
tested in final concentrations of 100, 10, and 1 y per ml. The tubes were examined visually 


May, E. L., anp Mosertia, E.: Cyelitol derivatives: I. Derivatives rac.-epi-inosose, 

J. Org. Chem., 1949, 14, 1137 

* Laruam, H. G., Jr., May, E Mosertic, E.: Amino- and guanidino-phenyl 
glucosides, J. Org. Chem., 

» May, E. L., anp Mosert! and guanidino-phenylglucosaminides, J. Org 
Chem., 1950, 15, 890 

© LatTHaM, H. G., Jr., May, E. L., anp Mosertic, E.: Amino- and guanidino-penta- 
decylpheny! glucosides, J. Org. Chem., 1951, 16, 995 

May, E. L., Moserttia, E.: Cyclitol derivatives: Derivatives of scyllo-inosose, 
J. Org. Chem., 1951, 16, 1471 

12 Dusos, R. J., anp Davis, B. D.: Factors affecting the growth of tubercle bacilli in 
liquid media, J. Exper. Med., 1946, 83, 409 

13 Proprietary name of the polyoxyethylene derivative of Sorbitan monooleate, Atlas 
Powder Co., Wilmington, Delaware. 
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for growth after seven and fourteen days of incubation at 37°C. As an inhibitory control 
of known efficacy, streptomycin was tested in each experiment at concentrations of 1, 0.3, 
and 0.1 y per ml 

RESULTS 

The control tubes without drug showed turbid growth of the 10~* but not the 10-* 
inoculum at seven days; at fourteen days both showed heavy growth. The streptomycin 
control tubes showed complete inhibition of growth of both inocula at 0.3 y per ml. and 
decreased or delayed turbidity at 0.1 » per ml. 

The synthetic compounds tested are listed in table 1. Since the results were not en- 
couraging, the details are not presented. Most of the compounds were not inhibitory 
even at 100 y per ml.; some were inhibitory at that concentration, but only partly or 
not at all at 10 » per ml. Only one compound, 4-quinolyl-N , N-diheptylamidine hydro- 
chloride, was completely inhibitory at 10 y per ml.; it also showed slight effect at 1 y per 
ml. This compound was therefore studied further. 

In view of the observed binding of other chemotherapeutics by proteins, especially 
serum albumin", the effect of this substance on the activity of this amidine compound 
was investigated. In two experiments, employing the methods described above, the 
addition of 1.0 per cent serum albumin did not interfere with the inhibition. 

Toxicity studies were carried out in four- to six-week-old male mice, line 1 dba, aver- 
aging 20 gm. in weight. Daily subcutaneous injection of 500 to 1,500 y of the drug pro- 
duced death in nine to eighteen days, with toxicity prior to death indicated by weight 
loss, roughness of hair, and cutaneous ulcerations and sometimes subcutaneous necrosis 
at the sites of inoculation. Autopsy showed subcutaneous hemorrhages and adhesions 
but no gross evidence of organ damage. Daily injection of 125 or 250 y for twenty-nine 
to thirty-one days was not fatal but did cause toxic symptoms and cutaneous ulceration. 

A preliminary chemotherapeutic test with strain H37Rv, administered to mice via the 
tail vein, showed no protection and even more extensive pulmonary lesions in the animals 
receiving the drug (125 y daily) than in control animals without the drug. A simultaneous 
group receiving streptomycin (500 y daily) showed no toxicity, but also unexpectedly 
showed no chemotherapeutic effect. The chemotherapeutic test therefore cannot be con- 
sidered decisive. However, in view of the obvious toxicity of the compound, further 
investigation of it did not seem warranted. 

SUMMARY 

Screening of 64 basic compounds, designed to have some resemblance to streptomycin’ 
yielded only one (4-quinolyl-N , N-diheptylamidine hydrochloride) that prevented growth 
of tubercle bacilli in Tween-albumin medium in a concentration of 10 y per ml. This com- 
pound was approximately one-tenth as active as streptomycin in rifro and was much more 


toxic In mice 


Pusiic HEALTH SERVICE SAMUEL ABRAMSON 
TusercuLosis Research LABORATORY Bernarp D. Davis 
CoRNELL University MepicaL CoLLeGcEe 

New York 21, N. Y. 


December 6, 1951 


' Davis, B. D.: The binding of chemotherapeutic agents to proteins and its effect on 
their distribution and activity, in Evaluation of Chemotherapeutic Agents, edited by C. M. 
MacLeod, Columbia University Press, 1949, p. 44 


A METHOD FOR THE DETERMINATION OF IN VITRO SENSITIVITY OF 
TUBERCLE BACILLI TO PYRAZINAMIDE (ALDINAMIDE') 


In the clinica] trial of pyrazinamide (Aldinamide)? some experience has been gained 
regarding the emergence of drug-resistant strains of tubercle bacilli. Because of the thera- 
peutic potentialities of this drug, a description of the method used for the determination 
of pyrazinamide susceptibility seems desirable. 

Dubos liquid medium® was prepared and pyrazinamide was added in four different 
concentrations after autoclaving the aqueous solution at 15 pounds for twenty minutes. 


TABLE 1 


STANDARD COLORIMETER READING BACILLI PER MILLILITER 


not readable 8,000,000 and less 
#94 13,600,000 
#75 48,000, 000 
#50 102,000, 000 
#14 408 , 000 , 000 


TABLE 2 


GROWTH INDICES AFTER 
PATIENT T. BEFORE MICROGRAMS PER 


SP 2405 50 
sTRAIN S.P. 2405/5 TREATMENT MILLILITER 


1 week 2 weeks 


0 i 2.0 

1.0 8 1.6 

10.0 1.2 
100.0 0 
1,000.0 0 


The inoculum was prepared from primary cultures of tubercle bacilli on combination 
egg medium. Approximately three loopfuls were ground in sterile m/15 NagHPO,. The 
strength of the suspension was determined by counting the number of bacilli contained 
in 0.005 ec. of the fluid placed on a slide marked with a square centimeter. The suspension 
was diluted to a strength of 8,000,000 bacilli per milliliter. 

Five turbidimetric barium sulfate standards were prepared, and the reading on the 
Leitz colorimeter for each of these standards was used to determine the number of or- 
ganisms per milliliter causing the same degree of turbidity (table 1). 

Growth of the tubercle bacilli in the cultures was measured by comparing the turbidity 
of the medium with that of the five standards and by assigning to each tube the value of 
the standard nearest to it in degree of turbidity. Five tubes were used for each drug con- 
centration (0, 1.0, 10.0, 100.0, and 1,000.0 y per ml.). The average value found for five 


! Proprietary name of the American Cyanamid Company 
? Yeacer, R. L., Munroe, W. G. C., anp Dessau, F. I.: Pyrazinamide (Aldinamide) 
in the treatment of pulmonary tuberculosis, Am. Rev. Tuberc., 1952, 65, 523. 
Dusos, R. J., G.: Media for tubercle bacilli, Am. Rev. Tuberc., 
1947, 56, 334 
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tubes was called the growth index. It was determined one and two weeks after inoculation. 
An example of how to tabulate the results of this method of evaluation is given in table 2. 

The same case illustrates the degree of drug susceptibility typical for strains isolated 
from untreated patients. All such strains of tubercle bacilli were completely inhibited for 
a fourteen-day period by 100 and 1,000 y of pyrazinamide per ml. of medium. There was 
partial inhibition at 1 and 10 y of pyrazinamide per ml., which varied in degree from strain 
to strain. There was considerable variation of the values of the indices from one experi- 
ment and from one strain to the other. Loss of susceptibility in strains from treated 
patients seemed gradual. Growth at 1,000 + per ml. two weeks after inoculation was com- 
mon for strains of M. tuberculosis isolated from patients who had received two months 
of'treatment with pyrazinamide. 

Despite the fact that important information was obtained by the use of this method, 
it has shortcomings which make the development of other methods desirable. Evapora- 
tion of water tends to cause false nephelometric values. The need for a very large inoculum 
precludes the use of primary cultures. For these reasons, work is in progress now to adapt 
primary culture on solid media to the determination of the pyrazinamide susceptibility 
of tubercle bacilli 


F. I. Dessau R. L. YEAGER 

F. BurGER M. 
LepeRLE LaBoraTories Division Summir Park SANATORIUM 
AMERICAN CYANAMID COMPANY Pomona, New York 
Peart River, New York 


February 18, 1952 
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DISCUSSION ON TREATMENT OF TUBERCULOUS MENINGITIS AND 
SURVIVAL OF BACILLI IN TUBERCULOUS LESIONS 


At the request of the Editors, Dr. Dubos has kindly consented to incorporate the sub- 
stance of his extemporaneous remarks at the Conference on Chemotherapy of Tubercu- 
losis of the Veterans Administration, held in January 1952, in the form of the present 
communication which is being presented here through the courtesy of Dr. Arthur 
Walker. The full text will be published in the Transactions of the Eleventh Veterans- 
Army-Navy Conference on Chemotherapy of Tuberculosis, January 17-20, 1952. 


I shall depart from the paper which I had prepared for the meeting this afternoon, and 
shall present instead a few observations which may throw some light on two of the topics 
discussed today, namely, (a) the treatment of tuberculous meningitis, (b) the statement 
by Dr. D’Esopo that bacilli may die in certain tuberculous lesions even without the benefit 
of chemotherapy. 


I shall single out three points from the discussion on meningitis: (1) The number of 
bacilli in the cerebrospinal fluid is always small; (2) it is imperative to continue strepto- 
mycin therapy for extremely long periods of time if one wishes to obtain a permanent cure; 
($) granted that several of you do not look with favor upon the intrathecal administration 
of tuberculin, it is the consensus of the few investigators who have tried this method that 
it enhances the therapeutic effectiveness of streptomycin. 

Although it is acknowledged by everyone that there are only few bacilli in the cerebro- 
spinal fluid of the patient suffering from tuberculous meningitis, this statement does not 
describe adequately the important aspects of the bacteriology of the disease. The bacilli 
which are responsible for the pathological alterations and symptoms are not in the cerebro- 
spinal fluid but in the lesions, where they are more or less protected within a fibrinous wall 
or matrix. It is probable that small numbers of bacilli are now and then released from these 
depots into the cerebrospinal fluid and can thus initiate new foci of disease. The necessity 
of maintaining chemotherapy for prolonged periods of time to prevent relapses may well 
be due to the fact that the fibrinous lesions are not readily penetrated by streptomycin. 

Intrathecal administration of tuberculin brings about an intense inflammatory reaction 
at the site of the lesions. The inflammatory cells bring to the lesion a supply of proteolytic 
enzymes which may exert some destructive action on the fibrin. Furthermore, it is possible 
that the allergic reaction brings about an activation of the normally inactive protease of 
the serum and that this enzyme can also attack the fibrin. If these assumptions are correct, 
one may postulate that proteolytic attack on the fibrinous lesion brings about the release 
of the bacilli into the cerebrospinal fluid, or at least makes them more available for drug 
action. Although there is, to my knowledge, no published proof of an increase in proteo- 
lytie activity following intrathecal administration of purified protein derivative (PPD), 
some indirect evidence that such an increase occurs is found in the reports of the Oxford 
group in England. For example, they have observed at autopsy of some of their patients 
complete resolution of the fibrinous lesion. In addition, Dr. Honor Smith has also stated 
that a shower of bacilli in the cerebrospinal fluid sometimes follows the administration of 
PPD even in the presence of streptomycin. 

If it is true that fibrinolysis facilitates the antimicrobial effect of the drug, it would 
appear logical that a similar beneficial effect might be obtained by intrathecal administra- 
tion of proteolytic enzymes. In fact, streptokinase has been used for this purpose, but with 
indifferent results. This failure, however, does not settle the issue. Although streptokinase 
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is often referred to as a “fibrinolytic enzyme,” it does not, per se, possess fibrinolytic ac- 
tivity. Streptokinase does nothing more than activate an enzyme-precursor which is nor- 
mally present in serum in an inactive form; it is this activated serum factor which brings 
about fibrinolysis. Furthermore, the work of Dr. Tillett and his colleagues has shown that 
the enzyme-precursor is not overly abundant in normal tissues. It appears possible, there- 
fore, that, where streptokinase has been used, the serum precursor may have been the 
limiting factor and that not sufficient active protease was present to permit effective fibri- 
nolysis. For a contrary view, see Fletcher, A. P., Lancet, 1951, 2, 290. 


I shall now turn to Dr. D’Esopo’s remarks. He has pointed out that, even without anti- 
microbial therapy, tubercle bacilli die spontaneously in closed caseous areas. It is not 
likely that this tuberculocidal effect is due to the activity of living phagocytic cells, since 
these cells can hardly function or even survive in necrotic areas. The damage to the bacilli 
cannot be traced either to antibody, since bacillary multiplication becomes intense again 
when plasma (and therefore antibody if present) repenetrates the lesion during liquefac- 
tion. Furthermore, it is well recognized that the infection can progress in certain parts of 
the body at the same time that the numbers of bacilli are decreasing in the closed caseous 
areas in the same individual. From these various considerations it appears certain that 
the death of bacilli is the result of the physico-chemical environment prevailing locally 


in the closed caseous lesion. 

Since tubercle bacilli are, as far as is known, obligatory aerobes, it has been generally 
assumed that oxygen deprivation is the most important factor in checking their growth 
and causing their death in the closed lesion. It seems to me, however, that the amount of 
oxygen tn solution in the tissue fluids is usually sufficient to allow for bacillary survival 


and even for some growth. In addition to its direct effect on the bacilli, however, low oxy- 
gen tension may have indirect effects by altering the metabolism of tissue cells and thereby 
modifying the environment in which the bacilli are situated. It is very likely, for example, 
that the tissue cells surrounding the tuberculous lesion have a predominantly glycolytic 
metabolism and accumulate locally very large concentrations of lactic acid. Probably 
because of this fact, the lesion is definitely acidic, but it is doubtful that it is ever suffi- 
ciently acidic to exert a deleterious effect on tubercle bacilli merely on account of the low 
pH. The concentration of organic acids, however, may have effects which are independent 
of pH level. It has recently been found, for example, that sodium lactate in the concentra- 
tions prevailing around caseous areas is capable of inhibiting the growth of many strains 
of tubercle bacilli even at neutral reactions 

It is known furthermore, that most long-chain fatty acids (especially the Cy, Cis, 
Cy, Cie, and Cyy acids) are powerful antimycobacterial agents in vitro. These long-chain 
fatty acids are released by lipolytic enzymes during necrosis and there is no doubt that 
they are abundant in caseous material. As their antibacterial effect is the greater the 
more acidic the environment, it is not unlikely that they contribute to rendering the closed 
caseous area unfavorable for bacillary growth. Finally, experiments now in progress in 
our laboratory are revealing that long-chain fatty acids and lactic acid in low concentra- 
tions do become actually bactericidal when tubercle bacilli are exposed to them under the 
semi-anaerobic conditions that probably prevail in many lesions. 


It has long been suspected that certain substances exist in normal tissues and in body 
fluids which exert a bacteriostatic and bactericidal effect on tubercle bacilli. I shall merely 
state that my colleague, Dr. James G. Hirsch, and I have devoted much effort during the 
past two years to separating these antimycobacterial agents and identifying their chemi- 


NOTES 639 


cal nature. In brief, we have recognized the antimycobacterial activity of four groups of 
basic substances: 

(a) The basic proteins, protamines and histones. These substances occur in cell nuclei 
and are liberated from their union with nucleic acid as a result of necrosis. 

(b) The enzyme lysozyme. This enzyme is abundantly present in leukocytic cells and 
is known to accumulate in an active form in inflammatory areas. Let me mention in passing 
that lysozyme is also very abundant in egg white. It is probably to avoid its inhibitory 
effect on bacterial growth that bacteriologists have empirically eliminated as much of 
possible of the egg white in the preparation of egg media. 

(c) The polyamines spermine and spermidine. These substances occur in certain tis- 
sues, often in large amount. In concentrations of the order of 1:100,000 they inhibit in 
vitro the multiplication of even large inocula of tubercle bacilli. In fact, bacilli maintained 
in contact with spermine or spermidine for two to three days are no longer capable of grow- 
ing in ordinary culture media. It is a peculiar fact that neither spermine nor spermidine 
inhibits growth of the bacilli in synthetic media; their inhibitory power depends upon the 
presence in the medium of some other substance of unknown nature which occurs in bovine 
serum, bovine plasma fraction V, and aqueous extracts of certain animal tissues, but not 
in crystalline serum albumin. 

(d) A substance, as yet unidentified, which has been separated from thymus and which 
exhibits a high antimycobacterial activity not dependent upon the presence of serum in 
the test system. 


The facts which I have outlined make it clear that there prevails in tissues, and par- 
ticularly in inflammatory and necrotic areas, a biochemical environment which is poten- 
tially capable of inhibiting the multiplication of tubercle bacilli and even of interfering 


with their survival. 

It would be tempting to attempt to analyze what effects the changes which are known 
to oecur in this environment under certain pathological conditions have on the course of 
the disease. Thus one may ask whether the enhancement of infection caused by cortisone 
or corticotropin is not due in part to the decrease in the production or in the local accu- 
mulation of tuberculostatic substances; this might well be a secondary result of the in- 
hibition of the inflammatory reaction by these hormones. It seems possible also that altera- 
tions in the metabolism of leukocytes, for example in their relative glycolytic and oxidative 
activities, may change the behavior of these cells toward tubercle bacilli. This might pos- 
sibly be of significance in the greater susceptibility to tuberculosis of the uncontrolled 
diabetic patient. Unfortunately, these speculations will not be amenable to experimental 
testing until techniques are developed to test in vivo the activity of the antimicrobial 
agencies revealed by in vitro tests. Moreover, new types of observations are necessary be- 
fore it becomes possible to evaluate the real significance of tuberculostatic effects on the 
evolution of the tuberculous process. We are in need of new bacteriologic techniques to 
determine not only the viability of the tubercle bacilli as they occur in lesions but also 
their physiologic activity. Despite current belief, the guinea pig is not so susceptible to 
tuberculosis that it will always develop progressive disease following injection of “a few”’ 
living bacilli; and it is not known whether aging of the bacteria or “adsorption” on their 
surface of certain tissue constituents may not decrease their ability to establish infection 
or to initiate growth in vitro. In many fields of bacteriology, it has often proved difficult 
to differentiate clearly between “‘life’’ and “death’’ of bacterial cultures. It would be odd 
if the same difficulty did not hold true for tubercle bacilli. 
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But granted all these technical difficulties, it appears justifiable to believe that the local 
physiochemical environment prevailing in and around the tuberculous lesion is of para- 
mount importance in determining the course of the infectious process by affecting the 


chemical structure of the lesion, the physiological activities of the tissue cells, and the sur- 


vival and rate of multiplication of the bacilli. 


René J. Dusos 
RocKeFELLER INsTITUTE FoR Mepicat RESEARCH 
York AVENUE AND 66TH STREET 
New York 21, N. Y. 


January 28, 1952 
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Correspondence 


To the Editors of The American Review of Tuberculosis: 


BCG vaccine has been produced weekly in this laboratory for sixteen consecutive years 
and has given consistent results culturally in animals and in humans (see also Birkhaug, 
K., Am. Rev. Tuberc., 1949, 59, 567). The fact that results, as far as tuberculin conversion 
is concerned, in a series of newborn infants ten years ago were identical with those of the 
present study further attests the uniform standardization of the vaccine. 

In working with freeze-dried preparations, we noted that there was a lag phase in the 
growth cycle of BCG, so that six weeks’ incubation was necessary. We have also shown 
that, whereas the conversion of the tuberculin reaction in infants vaccinated at two days 
of age was twenty-eight days for the fresh vaccine, it was fifty-eight days for the dried; 
albeit, at the end of a year practically all were strongly positive to the patch test. Our 
impressions are that both the dried and the stored fresh organisms go into a resting phase 
(Rosenthal, S. R., Am. Rev. Tuberc., 1952, 65, 344). In this phase, respiration is reduced, 
and this accounts for the reduced oxygen uptake noted in stored vaccine or the delay in 
reducing methylene blue (Rosenthal, 8. R., Haegen, B., and Bingenheimer, J., to be pub- 
lished). 

Several years ago, a method of standardization of BCG vaccine was adopted which is, 
in the main, similar to those of the Laboratory of Biologic Control of the National Insti- 
tutes of Health. The details are to appear in the Annales de |’ Institut Pasteur. Briefly, 
the method and results obtained thereof are: (1) Viability—Serial dilutions in Youmans’ 
media plus 0.5 per cent albumin gave growth in the 10-* to 10-!° tube. Similar results were 
obtained if vaccine was stored at 4°C. for four or five weeks (Williston, E., and Rosenthal, 
S. R., to be published). (2) Tuberculin conversion—One puncture through a drop of vaccine 
gave positive reactions in guinea pigs one week later in 50 per cent of the animals or 
better. In newborn infants, using the multiple puncture disc (Rosenthal, S. R., J. Pediat., 
1950, 36, 399), 100 per cent were positive twenty-eight days following vaccination for the 
fresh and fifty-eight days for the dried. (3) Virulence—The mother culture (veil of potato 
culture) from which vaccine is finally made is inoculated intraperitoneally into guinea pigs 
(10 mg.). The latter are sacrificed at the time the fresh vaccine is released, which is usually 
three weeks later. In this way, some indication of virulence may be had before releasing the 
vaccine. There should be no gross lesions outside of the abdominal cavity. The vaccine 
itself is also inoculated intraperitoneally (5 to 10 mg.). The animals are killed one and one- 
half to twelve months later. There should be no progressive pathology. (4) Sterility— 
Tests are made in thioglycollate, broth, and agar media. The fresh vaccine may be released 
after forty-eight hours, but sterility tests are continued for seven days. Incubation is at 
32° to 35°C. (5) Morphology—By Ziehl-Neelsen staining and by phase microscopy, typical 
curved rods should be seen. They should be acid-fast. 

The dried vaccine is released when sterility, viability, tuberculin conversion in animal 
and man, morphology, and preliminary virulence studies are completed. (This usually is 
three months after preparation of the vaccine.) 

The Laboratory of the University of Illinois and Research Foundation has been li- 
censed to produce and distribute BCG vaccine (freshly prepared and dried) by the Fed- 
eral Security Agency through the Laboratory of Biologics Control of the National Insti- 
tutes of Health. 

Sot Roy RosENTHAL 
University oF For TUBERCULOSIS RESEARCH 
Cuicaco MunicrpaL TUBERCULOSIS SANITARIUM 
ResEARCH FouNDATION 
ILLINOIS 


December 13, 1951 
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Books 


ATLANTE ANATOMO-RapDIOLOGICO DELLA TuBERCULOSI PoLMONARE E Mavatrie Non 
RespiraTorio. Second edition. By Attilio Amondec- 
Sorini, Luigi Pigorini, and Gilberto Scorpati. Instituto Carlo Forlanini, Rome, Italy. 
Pp. 339 with photographic plates, schematic colored drawings, and X-ray reproductions, 
Societa Edifrice Universo, Roma, 1950, Price $15.00 


This 10.5-by 13.5-inch volume, printed on heavy glossy paper is divided into four parts. 
Part I, 26 pages, deals with the roentgenographic approach to the study of the lung and 
with the technique of the autopsy and in anatomic preparations of the thoracic organs. 
Part II, 38 pages, deals with (/) the radiologic and anatomic picture of the normal thorax 
including the more common anomalies; (2) the chief types of lesions produced by the tuber- 
cle bacillus, including an excellent demonstration of formation of the various types of 
cavities. Part III, 158 pages, includes discussion and anatomic and radiologic demonstra- 
tions of primary, miliary, and “apical” tuberculosis; ‘infiltrates,’ “ulcerative lobitis;” 
and tuberculous pneumonias, chronic phthisis, pulmonary bronchial and vascular and 
pleural lesions. It includes a brief discussion of antimicrobial therapy of pulmonary tuber- 
culosis and several illustrative plates. It concludes with a section on collapse therapy. 
Part IV, 41 pages, consists of a brief but concise and fairly inclusive section on nontuber- 
culous pulmonary diseases including bronchiectasis, cystic disease, pulmonary lesions and 
gangrene, pneumonconiosis, and tumors. 

The outstanding feature of the Atlas is the reproduction, by means of strikingly clear, 
colored photographic plates, of anatomic material. In most instances each specimen is 
accompanied by schematic, partly colored drawings of the same specimen for the purpose 
of labeling structures and lesions. Little less striking are most of the photographic repro- 
ductions of illustrative roentgenograms. 

The text is well organized and covers adequately and accurately the topics under dis- 
cussion. 

As a reference guide for students and for the purpose of demonstration by the teacher, 
this Atlas is of considerable value and is deemed a notable contribution to the reference 
literature on pulmonary diseases 

ALPHONSE TIMPANELLI 
New York, N.Y. 


ArLas or Operative THoracoscopy. By Stanko Dujmu&i¢. Pp. 216, “Medicinska 
Knjiga,”’ Belgrade, Yugaslavia, 1951. 


In his monograph, Dr. DujmuSié followed the old Chinese proverb that “one picture is 
worth more than ten thousand words.” The superb illustrations reproduce with surprising 
accuracy the various conditions seen through a thoracoscope and present the best exhibit 
of this type that has ever been published. Because only technical problems are considered, 
both some experience and supplemental information are necessary to make this book of 
practical value. In addition there may well be a difference of opinion whether some of the 
extensive technical procedures described are ever indicated. 
This book is recommended for an institution in which thoracic surgery is done 
Cranston W. 
New York, N. Y. 


| 

| 

642 


American Trudeau Society 


Medical Section of the National Tuberculosis Association 


The Problem of the So-Called “Good Chronic” Case of Pulmonary Tuberculosis 
A Statement Prepared by the Committee on Therapy 


I. DEFINITION 


An exact definition is difficult. Many people object to the term “Good Chronic” on 
grounds that no chronic tuberculosis is good. While this objection is valid, the term is 
retained in the present statement because past usage has given it a meaning which is widely 
recognized and which is difficult to encompass in any other succinct term which the com- 
mittee could devise. As generally understood the term carries the following implications: 

1. Extensive tuberculosis of many years standing is present. This is usually bilaterally 
distributed. 

2. Disease is reasonably well stabilized. While recurrent evidences of instability are 
common, these are usually rather minor and transient. 

3. Chronic cavitation is commonly present and is often bilateral. Pathologically, the 
remaining tissue changes are deemed to be predominantly fibrotic with necrotic foci lim- 
ited in size, generally well circumscribed, and not in the stage of rapid liquefaction. Em- 
physema is a common but not necessary component. 

4. Cough and expectoration are variable but common symptoms. The general condition 
of the patient may be substandard, but is usually reasonably good and is often very good. 
Systemic symptoms are absent or, at most, are occasional and transient. Limited respira- 
tory reserve is the rule, but marked dyspnea is not present. 

5. Tubercle bacilli are present in the sputum or gastric specimens either constantly or 
intermittently. 

6. Patients who may be included in the “Good Chronic” category vary considerably in 
their amenability to treatment, in the amount and kind of therapy already received, and 
in prognosis. Some physicians use the term without connotations on these points. In many 
hospitals and clinics, however, the term carries the added implication that the patient is 
not readily amenable to cure, at least bacteriologically, by therapeutic procedures in 
current usage, and that prolonged bed rest and other appropriate therapy have already 
been tried and have failed to achieve the goal of “inactive’”’ tuberculosis. 


Il. THE PROBLEM 


The problem is world-wide and well known. Some of the salient aspects are: 

1. In some instances the patient is reluctant to accept hospitalization and treatment. 
Such a patient may feel well and be quite unconcerned by the “cigarette cough” or 
“chronic bronchitis” which he has had for years. 

2. For most patients and for their families, a prolonged incapacitating illness becomes 
increasingly burdensome, especially as hope of recovery dwindles. The burden has many 
facets, among which the economic and the psychologic are prominent. As a result, discour- 
agement, boredom, and resentment are common patient reactions. Such patients fre- 
quently leave sanatoriums and hospitals against medical advice; others remain, often 
unwillingly, and exert a disturbing and discouraging influence upon other patients. 
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3. A hospital bed may be occupied for years by one “Good Chronic” patient. Hospital 
facilities are absorbed which, if not so encumbered, could serve for the successful treat- 
ment and cure of several patients with less refractory types of tuberculosis. In this way 
patients with extensive chronic tuberculosis constitute a major obstacle to efficient 
utilization of tuberculosis hospital facilities. 

4. It follows that patients in this category entail a considerable financial burden upon 
the community. 

5. On the other hand, failure to hospitalize these patients, or discharging them back 
home and into the community creates other problems, for example: 


(a) The patients are generally infectious and may transmit tuberculosis to others. 

(b) Many remain well clinically only under very sheltered conditions. 

(c) As a result, working capacity and ability to obtain satisfactory employment 
are extremely limited. 


Ill. THE SOLUTION 


No really satisfactory solution to the over-all problem has been devised. The best attack 
lies in prophylaxis, in the form of continued efforts to find tuberculosis early, before it has 
become extensive and chronic, and to hospitalize promptly and to treat adequately all 
patients with active disease. Present experience clearly demonstrates, however, that such 
prophylaxis is still far from a level of efficiency which is likely to eliminate the problem of 
the “Good Chronic”’ case in the immedaitely foreseeable future. 

As to the existing problem, no single plan of attack is equally applicable to all patients 
or to all situations. Individualization is as necessary in the management of “Good Chron- 
ics” as in the management of any other tuberculous patients. This belief in individualiza- 
tion is implicit throughout the following generalizations: 

A. Home care: The question of whether patients with “Good Chronic” tuberculosis 
should be kept in the tuberculosis hospital or handled at home must certainly be decided 
individually for each case. Prominent among the elements which deserve to influence this 
decision are: 


1. Medical and surgical considerations affecting the particular patient at hand 

2. The economic circumstances, the intelligence, and the attitudes of the patient 
and his family 

3. Circumstances in the community. 


Even in a community with plenty of tuberculosis beds it can hardly be expected that 
every patient with chronic tuberculosis and positive sputum be hospitalized indefinitely. 
For example, the intelligent and relatively asymptomatic elderly patient, unsuitable for 
additional therapy other than rest, retired on a pension and living in a home without 
children, can remain at home without excessive danger to himself or to others. The irre- 
sponsible bar fly, who finally persuades the tavern owner to let him wait on table or work in 
the kitchen to help pay for his drinks, clearly needs continued institutionalization of some 
type. Even where tuberculosis beds are limited, and when there is little to offer thera- 
peutically, it is justifiable to use every reasonable means to confine such a patient to a 
sanatorium or hospital indefinitely. 

For the usual “Good Chronic” who falls between these two extremes, the adequacy of 
beds in the community is bound to be one factor with an important influence upon the 
decision made. For most such cases, treatment at home is not the best way to attack the 
problem for the reasons listed in item 5 of Section IT. 
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B. Special institutions: Special institutions and special sheltered communities have been 
proposed and actually tried for patients in this category. The advantages, as compared 
with the regular tuberculosis hospital, are: 


1. Less medical and nursing care need be provided. 

2. It is feasible to allow the patients more privileges and freedom of action, thus 
making a prolonged stay more acceptable. 

3. Graded amounts of productive work can be assigned, further contributing to 
patient acceptance and also making such a place, in part, self supporting. 

4. Beds in regular tuberculosis hospitals are freed for other patients. 


There can be little doubt that special institutions and communities have their place and 
value. Modern progress in the field of geriatrics and in the field of chronic diseases in 
general is well known and impressive. The Commission on Chronic Illness has recognized 
chronic tuberculosis as an important member of this group of illnesses in which expert re- 
habilitation has been shown to play such an important role. Hospitals for chronic diseases 
are growing in number, and great advantages might accrue if these hospitals were provided 
with sections for “Good Chronic” tuberculosis wherever this is feasible. 

As presently constituted, special institutions and communities have had only a minor 
impact upon the problem. Moreover, there are several deficiencies and disadvantages to 
this approach: 

1. Few such places exist at present. Major expenditures for their development would 
inevitably reduce the tuberculosis control funds available for other purposes. In most 
communities the facilities for the active treatment of treatable cases are still inadequate 
and funds are needed for their expansion. Furthermore, the present steady increase in 
good case-finding programs and in therapeutic resources is steadily (albeit slowly) reduc- 
ing the problem of chronic tuberculosis. 

2. Few patients are willing to accept transfer to a special institution when this implies 
that reasonable hope for definitive cure has been abandoned. 

3. Few competent tuberculosis physicians are willing to confine their work, or even to 
devote a major portion of it, solely to patients with extensive chronic disease. The experi- 
ence of the physician in training should include tuberculosis of all types. 

4. Removal of “Good Chronics” from competent medical supervision removes the most 
important factor which may lead to eventual cure and rehabilitation of a significant 
number of such patients. 

C. Care in a regular tuberculosis hospital: In spite of the recognized disadvantages, con- 
tinued hospitalization in a regular tuberculosis hospital or sanatorium appears still to be 
the procedure of choice in the management of the great majority of ““Good Chronics.” 
This does not preclude the assignment of these patients to certain wards or sections of the 
hospital where medical and nursing care is less intensive than on other wards, where 
complete self-care is the rule, where special privileges can be granted, and where special 
activities in the field of occupational and diversional therapy and rehabilitation can be 
conducted. These wards should, however, be an integral part of the regular hospital, with 
systematic supervision by the regular medical and nursing staffs. The reasons are: 

1. The prompt recognition and treatment of exacerbations of tuberculosis are important 
if further deterioration in the patient’s status is to be avoided. These patients also need 
competent medical care of collateral diseases and of intercurrent illnesses. 

2. The patient who is not amenable to successful treatment today may become amen- 
able tomorrow. This may result from gradual spontaneous improvement of the patient, 
which eventually makes the application of some existing therapeutic procedure feasible. 
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It may result from new therapeutic developments. The recent advances which have con- 
tributed most to potential salvage are: 


(a) Chemotherapy, especially prolonged combined chemotherapy with strepto- 
mycin and PAS 

(b) Continued improvement of surgical techniques adapted to the needs of individ- 
ual patients 

(c) The increased use of physiologic studies of respiratory function which have 
permitted more accurate judgment of the ability of a patient to tolerate a con- 
templated collapse or resection procedure 


This is not to suggest that recent advances in therapy have by any means eliminated 
the problem. Large numbers of patients with extensive chronic tuberculosis, whether 
clinical status is good or bad, are still beyond the reach of all therapy now available. But 
potentialities for salvage are already considerable, and it is impossible to predict to what 
extent these potentialities may be increased by future developments. Certainly efficient 
utilization of present and future resources requires constant medical supervision of these 
patients by men familiar with new developments in the field. Furthermore, modern treat- 
ment of any type of tuberculosis requires team work, to which the physician, the surgeon, 
various laboratory workers, and the rehabilitation team all make an important contribu- 
tion. Such team work is seen at its best in the well-integrated tuberculosis hospital. 


IV. CONCLUSION 


The principal objective in the management of patients with “Good Chronic”’ tubercu- 
losis is the actual cure and rehabilitation of as large a proportion as possible. Collateral 


problems should, in the majority of instances, be subordinated to this objective. The pro- 
portion amenable to cure is growing steadily as new therapeutic attacks are developed, and 
there is good reason to hope that this proportion will grow still larger as progress in ther- 
apy continues. The full advantages of this trend are most likely to be realized in the regu- 
lar tuberculosis sanatorium or hospital. While other alternatives frequently deserve con- 
sideration in individual instances, the best general policy is continued hospitalization of 
patients with “Good Chronic” tuberculosis in regular tuberculosis units, hospitals, or 


sanatoriums. 


R. O. CANADA Wituram M. M. Kirsy 

Davip T. Carr Rocer 8S. 

Rosert H. Esert M. Peck 

Kirsy S. How ett, Jr. Norman J. WILson 
Wituam B. Tucker, Chairman 
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Production and Distribution of BCG Vaccine in the U.S.A. 


At the request of the Council of the American Trudeau Society, the Director of Medical 
Research asked the director of each of the three principal laboratories concerned with the 
production of BCG vaccine in this country for a statement on the conditions under which 
BCG vaccine is furnished to others by his organization. The following statements have 
been approved by the three directors concerned, and are printed for the interest of the 
members of the American Trudeau Society as an indication of the availability of BCG 
vaccine in the United States. 


Department of Health, State of New York, Albany 1, New York 


BCG vaccine prepared by the Department of Health of the State of New York is dis- 
tributed within the state to health departments, medical colleges and teaching hospitals, 
to the superintendents of tuberculosis hospitals and clinics, and to additional hospitals 
and institutions in which the personnel is known to the Department to be well prepared 
to use it properly. Its use is recommended in groups occupationally exposed, such as nurses, 
medical students, and hospital personnel. It is used almost universally among these groups 
at present. It is also recommended for population groups with high tuberculosis morbidity 
and mortality rates, and where an exposure to tuberculosis has been known to have oc- 
curred or is likely to occur. In addition, large amounts of the vaccine have been supplied 
for study programs in the United States and in foreign countries. 


Henry Phipps Institute, University of Pennsylvania, Philadelphia 47, Pennsylvania 


The production of BCG vaccine at the Henry Phipps Institute is sponsored by the Bu- 
reau of Tuberculosis Control of the Department of Health of the Commonwealth of 
Pennsylvania. The vaccine is available without charge to any licensed physician in Penn- 
sylvania for use on selected cases and immunization of medical personnel. Except in un- 
usual circumstances, it is not furnished to physicians outside of the state of Pennsylvania. 
In view of previous relationships a certain amount has been furnished in recent years to 
a number of hospitals of the U. 8. Indian Service. It has been provided without charge 
also for experimental! studies in a few cities where personal arrangements were made some 
years ago, including the health departments of a small number of large cities where care- 
fully conducted experimental studies are under way. 

The primary purpose in preparation of BCG vaccine at the Henry Phipps Institute is 
research on preparation and standardization of the vaccine. It is not planned to request 
licensure for the manufacture of BCG vaccine or its distribution outside of the state. 


Research Foundation, 70 West Hubbard Street, Chicago 10, Illinois 


Any medical group or lay medical organization which has a tuberculosis program or will 
inaugurate one is eligible to receive BCG vaccine from the Research Foundation under the 
policy outlined in the pamphlet BCG Vaccination. This pamphlet is distributed by the 
Research Foundation and is available on request. It recommends vaccination of the groups 
listed by the American Trudeau Society as particularly appropriate for BCG vaccination 
(Am. Rev. Tuberc., 1949, 60, 681). The pamphlet also lists contraindications for vaccina- 
tion, techniques for administration, special considerations in the vaccination of certain 
groups, and the procedure for ordering the vaccine. 

Research Foundation releases BCG vaccine to a limited number of private physicians 
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for individual vaccinations upon application and agreement (a) to pursue BCG vaccina- 
tion among their patients in harmony with the spirit of the stated policy of the American 
Trudeau Society, and (b) to follow vaccination cases closely and report experiences and 
findings to Research Foundation. For purposes of animal experimentation, BCG vaccine 
is supplied free of charge to any reputable university or hospital. 

Research Foundation is licensed for interstate distribution of BCG vaccine. Both fresh 
liquid and freeze-dried forms of the vaccine are supplied. 


| 
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Current Status of Isonicotinic Acid Hydrazide in the Treatment of 
Tuberculosis 


The Executive Committee of the American Trudeau Society has reviewed the available 
evidence on the antituberculous activity of isonicotinic acid hydrazide as presented by 
Hoffmann-La Roche, Inc., E. R. Squibb & Sons, and investigators cooperating with them. 
On the basis of this evidence, the Committee makes the following statement for the guid- 
ance of the medical profession: 

1. Chemical Structure: Isonicotinic acid hydrazide':? is a chemically pure, synthetically 
produced substance of the general formula CsH7N;0.! It is obtained in almost colorless 
crystals which are highly soluble in water. A closely related derivative, which is also be- 
ing studied for its antituberculous properties, is the isopropyl derivative.'* Isonicotinic 
acid hydrazide is also related to pyrazinamide'** and to amithiozone.':* 

2. Activity in Vitro: Isonicotinic acid hydrazide is bacteriostatic in vitro against M. 
tuberculosis H37 Rv in a concentration as low as 0.02 to 0.06 7 per ml. It apparently has a 
very narrow antibacterial spectrum, being ineffective in vitro against the common gram- 
negative and gram-positive pathogenic bacteria, against certain protozoa, and against the 
influenza virus in mice. It may possess some slight antifungal properties. 

3. Activity in Vivo: In several species of experimental animals (mice, guinea pigs, rab- 
bits, and monkeys), experiments on the effectiveness of isonicotinic acid hydrazide against 
tuberculous infection with virulent human strains of M. tuberculosis have given promis- 
ing results in arresting the course of the experimentally produced disease. On the basis 
of these observations, isonicotinic acid hydrazide appears to be approximately the thera- 
peutic equivalent of streptomycin; at least in the first few months of treatment. Observa- 
tions on the emergence of strains of tubercle bacilli which may be resistant to isonicotinic 
acid hydrazide, either in vitro or in vivo, are meager, and it is not known if such strains will 
emerge during treatment or if such emergence will have therapeutic significance. A defi- 
nite increase in resistance has been obtained in vitro with one strain (BCG). 

4. Toxicity and Pharmacology: Although the toxicity of isonicotinic acid hydrazide has 
been determined fairly accurately in several species of animals, some aspects of the phar- 
macology and toxicology of the drug have not been completely elucidated. On the basis 
of available studies it appears that both isonicotinie acid hydrazide and its isopropyl 
derivative are of relatively low toxicity in dosage ranges which appear to be effective. 
The drugs are apparently largely excreted in the urine. Within an hour or so after adminis- 
tration they appear to be well distributed throughout the body (blood serum, cerebro- 
spinal fluid, pleural fluid). 

5. Dosage: On the basis of preliminary studies, the indicated daily dosage is in the range 
of 3 to 5 mg. per kg. of body weight (150 to 300 mg. per day for the average adult). This 
dosage is given by mouth in two or three divided doses. The drug may also be given par- 
enterally. 

6. Toxicity in Man: In the dosage range indicated, preliminary observations in man 
indicate that there is little significant or serious toxicity. The following have been ob 


! See structural formula 
? “Nydrazid,”’ proprietary name of E. R. Squibb & Sons; ‘‘Rimifon,”’ proprietary name 
of Hoffmann-La Roche, Inc. 
+ “Marsilid,”’ proprietary name of Hoffmann-La Roche, Inc 
* “Aldinamide,”’ proprietary name of American Cyanamid Company. 
§ “Tibione,’’ proprietary name of Schenley Laboratories. 
649 


650 AMERICAN TRUDBAU SOCIETY 


STRUCTURAL FORMULAS OF NICOTINIC ACID DERIVATIVES 
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served but on a more or less transitory basis even though drug administration is con- 


tinued: 
a. Constipation 
b. Difficulty in starting micturition (in males especially) 


Increased reflexes 
d. Positional hypotension and dizziness 
Eosinophilia (in about 10 per cent of cases) 
. Slight drop (0.5-1.0 gm.) in hemoglobin concentration 
g. Occasional casts and traces of albumin and reducing substances in the urine. 
Toxic effects on the eighth cranial nerve, impairment of renal or hepatic functions, 
or dermatologic manifestations associated with the drug have not been observed so far 
7. Activity in Man: Preliminary observations on the effect of isonicotinic acid hydra- 
zide on the course of tuberculosis in man have been limited largely to patients with far- 
advanced pulmonary disease, extensive tissue destruction, positive sputum and, as a rule, 
considerable symptomatology, many of whom have failed to respond or would not be ex- 
pected to respond to other available therapy. In such patients, treated with 3 to 5 mg. per 
kg. per day for up to five months of therapy (the majority treated for two to three months), 
the following changes in clinical course have been observed: 
a. Reduction in fever, if present, in two to three weeks, in the majority 
b. Reduction in cough, in the volume of sputum, and in the number of tubercle 
bacilli raised (as determined by smear). No information is available on con- 


Cc. 


version of the sputum as determined by culture 

. Gains in appetite, weight, and strength 

. Some clearing of the reversible component of the pulmonary tuberculous 
disease by roentgenographic observation 
Initial favorable response has been observed in such non-pulmonary lesions 


as draining sinuses and fistulas, mucous membrane tuberculosis, and in a very 
few cases of miliary and meningeal tuberculosis. 

8. Problems: At the present time complete information is lacking on many aspects of 
the therapy of tuberculosis with isonicotinic acid hydrazide. Among the unknowns are the 
following: 

a. The mechanism of action of the drug on the tubercle bacillus—whether it is 
tuberculocidal or tuberculostatic; the effect upon the enzyme chemistry of 
the tubercle bacillus, et cetera 
The mechanism of action upon the host—basically, the precise toxicity in 
man 
The optimal dosage—the number of milligrams per day; whether it needs to 
be given every day; the optimal mode of administration 
The duration of therapy—whether its effect is comparable to that of strepto- 
mycin and para-aminosalicylic acid (PAS), indicating relatively long courses 
of treatment, or whether shorter courses may be as effective 
The rate of emergence of drug-resistant strains of tubercle bacilli 
The effect of the drug upon the bacteriology of the patient—data are lacking 
on conversion of sputum by culture; the tissue bacteriology after varying 
amounts of treatment will need to be studied. 

The question of potential relapse after initial improvement 

The question of whether basic systemic therapy of tuberculosis (especially 
bed rest) can be modified as a result of treatment with isonicotinic acid hy- 
drazide 
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9. Precautions: At present there is no reason to believe that the fundamentals of ther- 
apy of tuberculosis should be altered in any way when isonicotinie acid hydrazide is em- 
ploved. Patients receiving the drug should be hospitalized for careful observation. They 
should be studied in institutions where potential toxic manifestations may be watched for 
most carefully and where effects upon the course of the underlying tuberculosis may be 
carefully observed so that suitable alterations of therapy may be initiated when indicated. 
Routine laboratory precautions should include frequent blood counts and urinalyses, 
neurologic examinations, and tests for renal and hepatic insufficiency. 

10. In General: The introduction of a new drug in the therapy of tuberculosis is likely 
to raise more questions for a few years than it will answer. There is no knowledge at the 
present time that isonicotinic acid hydrazide or its isopropyl derivative will accomplish 
more than has been accomplished with streptomycin and PAS. It may prove to be an ad- 
ditional drug of great value. It may be years before its exact contribution to the therapy of 
tuberculosis can be assessed accurately. A large reservoir of undetected and untreated 
cases of active tuberculosis exists throughout the United States, and there is every ex- 
pectation that, in spite of the more effective chemotherapy of tuberculosis currently avail- 
able, the need for hospitalization in institutions with qualified personnel and adequate 
laboratory facilities will increase rather than decrease. There is at present no basis for 
expecting that isonicotinic acid hydrazide, or any other drug available, can safely be 
counted upon to reduce the duration of hospitalization. Rather, in most instances, at least, 
it may lead to prolongation of hospital treatment since effective chemotherapy may facil- 
itate desirable forms of therapy not otherwise possible. 

It should be emphasized strongly that, with more numerous effective antituberculous 
compounds available in the treatment of tuberculosis, more intensive case finding than 
ever will be indicated. Only through this means can maximum advantage be taken of im- 
provements in therapy. 

11. Summary: After a review of available data on the action of isonicotinie acid hy- 
drazide and its isopropy] derivative upon the tubercle bacillus in vitro, and upon the course 
of experimental tuberculosis in animals and clinical tuberculosis in man, it may be stated 
that their demonstrated action, although highly encouraging, appears in no way to alter 
the basic principles of the treatment of tuberculosis as presently understood. Much more 
work will need to be done to ascertain the exact place of these drugs in the treatment of 
the disease. With several carefully coordinated studies in prospect, it is anticipated that 
further information will accumulate rapidly. 


March 5, 1952 


NOTES 


THIRD COMMONWEALTH AND EMPIRE HEALTH AND TUBERCULOSIS CONFERENCE 


The Third Commonwealth and Empire Health and Tuberculosis Conference arranged 
by the National Association for the Prevention of Tuberculosis will be held in London from 
July 8 to July 13, 1952. The conference is open to al! who are interested in preventive 
medicine, industrial executives, nurses, social workers, health administrators, members 
of public authorities, regional hospital boards, et cetera. At the last conference in 1949, 


more than a thousand delegates from fifty countries were present, and representatives 
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from Australia, Belgium, Canada, Fiji, France, Gold Coast, India, Jugoslavia, New Zea- 
land, South Africa, Trinidad, and the U.S. A. have already arranged to attend this year 

Interesting subjects for discussion include “Protective Vaccination,” ‘““‘Contemporary 
Ideas in the Management of the Tuberculous Patient,’ “The Social Worker and the 
Tuberculous Family,” “The Patient in Industry,” and “Tuberculosis in British Colonial 
Territories.”” Among those who have already promised to speak are Dr. G. C. Brink, 
Department of Health, Ontario, Canada; Dr. B. A. Dormer, Chief Tuberculosis Officer, 
Union of South Africa; Dr. J. B. McDougall, World Health Organization; and Dr. T. 
Holmes Sellors, Thoracic Surgeon, London. 

A new feature of the Conference will be special smaller gatherings for those with 
particular interests, whether doctors, nurses, public health officials, or social workers, at 
which appropriate subjects will be discussed. Receptions for delegates have been arranged 
at many well-known institutions, and a large number of visits to hospitals and sanatoriums 
have been organized in addition to tours of general interest. 

All information can be obtained from the National Association for the Prevention of 
Tuberculosis, Tavistock House North, Tavistock Square, London, W. C. 1 


NEW APPOINTMENT 


Dr. James E. Perkins, Managing Director of the National Tuberculosis Association, 
has announced the appointment of Mr. Frank W. Webster to the position of Field Director 
on the staff of the American Trudeau Society. With headquarters in the office at 1790 
sroadway, New York, N. Y., Mr. Webster will assist with all activities of the American 
Trudeau Society and will maintain close coordination with its state and regional sections. 

Mr. Webster, who is at present the Executive Secretary of the North Carolina Tuber- 


culosis Association, Inc., will begin his new duties July 1. 
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(aleium 


Granulate 


A SIGNIFICANT IMPROVEMENT 
IN T. B. THERAPY 


Because Better Tolerated 


In a recent study involving 14 patients who had re- 
acted adversely to sodium p-aminosalicylate, all but 
three subjects were able to take full therapeutic 
amounts of Pasara Calcium Granulate without gastro- 
intestinal or other discomfort. 

Pasara Calcium Granulate—sialoresistant coated 
granules of calcium p-aminosalicylate—contains 85 
per cent calcium PAS or 75 per cent free p-aminosali- 
cylic acid. Therapeutically it is just as effective as the 
sodium salt and is indicated for use in conjunction 
with streptomycin therapy. It is rapidly absorbed 
from the intestinal tract and, when given in average 
dosage (12 to 15 Gm. daily), leads to good blood levels 
—5 to 10 mg. per 100 cc. 

Pasara Calcium Granulate is supplied in 1 and 25 
lb. containers. 

Pasara Calcium is also available in powder form 
(1 lb. and 25 lb. containers) and in capsules and tab- 
lets, 0.5 Gm. each (in bottles of 100 and 1,000). 


SMITH-DORSEY, Lincoln, Nebraska 


A Division of THE WANDER COMPANY 


PREPARATION 
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susssct: LSONIZIDE 


(brand of Isonicotinic Acid Hydrazide) 


Dear Doctor: 


It has been the policy of our organization 
to make available to tuberculosis sanatoria, 
tuberculosis specialists and other qualified 
investigators those new developments in the 
chemotherapy of tuberculosis which show promise 
of offering a possible answer to the problem 


of tuberculosis. 


After cautious appraisal, such a develop- 
ment seems to be applicable to ISONIZIDE, 
Panray's brand of Isonicotinic Acid Hydrazide. 


We are therefore happy to announce that 
we are prepared to make available, on an 
investigational basis, the following: 


ISONIZIDE TABLETS, 50 Mg. 


If you are desirous of having these 
tablets made available to you, please advise us 
and we shall furnish you with technical data, 


prices and other pertinent information. 


As in the past, it has been a pleasure to 
serve you, and we trust we may continue to 


enjoy this privilege. 


THE PANRAY CORP. 
340 Canal Street, New York, N. Y. 
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finger-tip 
therapy 


now available 
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Authentic Instruments 


FOR OTORHINOLARYNGOLOGY 


Holinger Anterior 
Commissure 
Laryngoscope 


Roberts Esophageal 
peculum 
6 sizes 


Ororhinolaryngologists look to Pilling for new and important instru- 
ments in their special field. Since 1814, leading surgeons and physicians 
have consulted Pilling nfident that Pilling craftsmen would create 
precisely the instrument 
egus Face Shield 
Among the newer, more ypuls Alling instruments is the Paul — 
Holinger Modified Jackson Infant (Newborn) Laryngoscope shown 
above. It is 8 cm. long with a 5.5 cm. slide portion. There is no flare 
or curve to distal tip of lip, and there is a long slide portion and short 
tip for easy introduction. The small diameter light carrier and lamp 
provide larger inner lumen without increase in outer diameter. Supplied 


with two extra small light carriers and lamps. 


Other important instruments are shown at the right above. 


ORDER instruments direct from 
George Willing and Con ompfany Vasconcelos Clamp 


3453 WALNUT STREET 
Philadelphia 


When in Philadelphia, visit our modern sales 
turing plant. Free parking on our private lot 


in surgical instruments 
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Dihydrostreptomycin Sulfate 


A drug of Choice 


Numerous studies by leading clinicians confirm that 

Crystalline Dihydrostreptomycin Sulfate is as effective ‘i e 
as Streptomycin, minimizes pain and swelling at the 1 n Tu bercu losis 
site of injection, and may be used even in some patients 


allergic to streptomycin. 


Furthermore, extensive comparative Investigations 
have proved Crystalline Dihydrostreptomycin Sulfate 
Merck less toxic to the vestibular system. In addition 
to the dry form, this preferred product is available also 
in a convenient, ready-to-inject form as SOLUTION O} 
CRYSTALLINE DIHYDROSTREPITOMYCIN SULFATE 
MERCK, 


PARA-AMINOSALICYLIC ACID MERCK (PAS), when 
used in combination with Crystalline Dihydrostrepto- 
mycin Sulfate Merck, prolongs the effective period of 


antibiotic therapy by inhibiting or delaying the devel- 


opment of bacterial resistance. 


A BEFORE (REATMENT 


(9 days prior to Dihydrostreptomycin thera- 
py) Diffuse lobular tuberculous pneumonia, 
lower f left lune; thin-walled cavity 
above hilus (3 X 3.0 cm.). 


3 MONTHS’ TREATMENT 
Dihydro- 


aring of acute 


cavily 


CRYSTALLINE DIHYDROSTREPTOMYCIN 
SULFATE MERCK 


MERCK & CO., 
Vanufacturing Chemists 


RAHWAY new 


in Canada: MEF K & CO. Limited—Montreat 


Fi 
z 
Wi | 


THE AMERICAN REVIEW OF TUBERCULOSIS 


POWERFUL 
NEW 


Antituberculous 
DRUG 


INACRIN 


W imthrop-Stearns 


BRAND OF 
ISONICOTINIC ACID HYDRAZIDE 


Preliminary laboratory and clinical studies have 
proved isonicotinic acid hydrazide to be a 


highly promising antituberculous drug. 


For a summary of published reports write to 
DepaRTMENT OF Mepicat Researcu, 


Win turop-STearRNs [Nc., 1450 Broapway, New York 18, 


WINTHROP-STEARNS INC. New York 18, N.Y. © Windsor, Ont. 
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ALUM ROCK SANATORIUM 


SAN JOSE, CALIFORNIA 


Telephone: CLayburn 8-4921 
A non-profit sanatorium for the treatment of 
Tuberculosis and other diseases of the chest. 
Visiting Medical Stag: 


San Francisco N. Pierce, Francisco 


Associate Medical Director 


1913 Type! 


Doctors Are Christmas Seal Collectors 


A hobby in which many members of the medical profes- 
sion find relaxation. You may indulge at home or office— 
any plece you have the small kit of necessary material. 


Inexpensive too—e collection of Christmas Seals finds « 
ready market. 


Start now by writing the Collectors Service, 
National Tuberculosis Association, 1790 Broadway, New York 19, N.Y. 


NATIONAL TUBERCULOSIS ASSOCIATION 


ANNUAL MEETING MAY 26-29, 1952 
BOSTON, MASSACHUSETTS 
The annual meeting of the National Tuberculosis Association will be held in Boston, 
Massachusetts, May 26-29, 1952. The Statler Hotel will be headquarters. 
Some 1500 rooms have been promised by the hotels listed below for the accommoda- 
tion of those attending the meeting. Arrange to share a twin bed room if possible. 
Application for room reservations should be made directly with the hotel of your 


Address 
a1 Beacon Street 
275 Tremont Street 
Copley Plaza Copley Square 
Copley Square Copley Square 
Kenmore Kenmore Square 
Exeter Street 
North Station 
School Street 
410 Stuart Street 
91 Bay State Road 
Commonwealth Ave. 
ark Square 
62 Boylston Street 
Vendome 160 Commonwealth Ave. 
University Club 40 Trinity Place 
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E. Gwyn Roberts, M.D., San Francisco 
The Original is Worth $50.00 
choice. 
13.00 
It.co 
14.00 
-80 
12.50 
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Iggoo 
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for effective cough therapy 


Hycodan‘....... 


Three forms available: Oral Tablets (5 mg. per tablet), 
Syrup (5 mg. per teaspoonful), Powder (for compounding). 
May be habit forming; narcotic blank required. 

Average adult dose 5 mg. Literature on request. 


Endo 


Endo Products Inc., Richmond Hill 18, N.Y. 


€ 
; 
your head off! 
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